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RESEARCH  SUMMARY 


A  land-classification  system  based  upon  potential  natural  vegetation 
is  presented  for  the  forests  of  Montana.  It  is  based  on  an  intensive 
4-year  study  and  reconnaissance  sampling  of  about  1,500  stands.  A 
hierarchical  classification  of  forest  sites  was  developed  using  the  habitat 
type  concept.  A  total  of  9  climax  series,  64  habitat  types,  and  37  addi- 
tional phases  of  habitat  types  are  defined.  A  diagnostic  key  is  provided 
for  field  identification  of  the  types  based  on  indicator  species  used  in 
development  of  the  classification. 

In  addition  to  site  classification,  descriptions  of  mature  forest  com- 
munities are  provided  with  tables  to  portray  the  ecological  distribution 
of  all  species.  Potential  productivity  for  timber,  climatic  characteris- 
tics, and  surface  soil  characteristics  are  also  described  for  each  type. 
Preliminary  implications  for  natural  resource  management  are  provided, 
based  on  field  observations  and  current  information. 


INTRODUCTION 


Natural  resource  managers  and  researchers  in  Montana  have  found  that  existing  for- 
est cover-type  classifications  and  site  classifications  have  not  been  adequate  for  their 
needs.   Forest  cover-type  classifications  are  based  only  on  the  current  (often  early 
successional)  tree  species.   Thus,  they  often  encompass  a  wide  range  of  environmental 
conditions;  for  example,  one  cover  type  might  include  saplings  on  clearcut  sites  in  one 
environment  and  400-year-old  climax  forests  in  a  totally  different  environment.   More- 
over, the  cover  type  on  a  given  site  is  always  changing  with  advancing  succession  or 
sudden  disturbance  (such  as  fire,  logging,  insect  damage,  or  windthrow) . 

Existing  site  classifications  are  usually  of  limited  value  because  they  are  in- 
tended for  use  in  a  certain  resource  specialty.   Also,  they  often  have  little  relation 
to  forest  vegetation,  even  though  the  vegetation  represents  a  detailed  expression  of 
the  overall  environment  and  is  itself  a  primary  object  of  management. 

We  need  a  better  classification  system  for  forest  communities  and  the  sites  on 
which  they  develop  for  three  reasons: 

1.  Communication. --Land  managers  and  research  specialists  dealing  with  several 
disciplines  need  a  common  system  for  describing  forest  communities  and  sites. 

2.  Management  interpretations. --Land  managers  must  be  able  to  make  intelligent 
prescriptions  for  manipulating  vegetation  based  on  knowledge  of  the  ecological  poten- 
tial of  the  land. 

3.  Research  application. --Researchers  can  improve  sampling  design  and  layout  of 
experiments  by  use  of  an  ecological  classification. 

The  habitat  type  approach  to  classification  of  forest  sites  was  developed  more 
than  20  years  ago  by  Daubenmire  (1952)  for  forests  of  northern  Idaho  and  eastern  Wash- 
ington.  His  original  classification,  and  a  subsequent  revision  (R.  and  J.  Daubenmire 
1968),  have  proven  useful  in  forest  management  and  research  (Layser  1974;  Pfister  1976). 
Thus,  after  examining  various  approaches  to  forest  ecosystem  classification,  the  Inter- 
mountain  Forest  and  Range  Experiment  Station  and  the  Northern  Region  of  the  USDA  Forest 
Service  began  a  cooperative  study  in  1971  to  develop  this  forest  habitat  type  classifi- 
cation for  Montana. 

Objectives  and  Scope 

The  objectives  of  this  study  were: 

1.  To  develop  a  habitat  type  classification  for  the  forested  lands  of  Montana 
based  on  the  potential  vegetation. 

2.  To  describe  the  general  geographic,  physiographic,  climatic,  and  edaphic 
(see  the  Glossary,  appendix  G,  for  definitions)  features  of  each  type. 


5.  To  describe  the  mature  forest  communities  (late  serai)  as  well  as  the  poten- 
tial climax  communities  (associations)  characteristic  of  each  type. 

4.  To  present  information  on  successional  development,  timber  productivity 
potential,  and  other  biological  observations  of  importance  to  forest  land  managers. 

5.  To  develop  and  test  a  reconnaissance-plot  method  of  data  gathering  that  would 
permit  accurate  habitat  type  classification  in  a  minimum  period  of  time. 

The  area  of  Montana  studied  includes  10  National  Forests  and  adjacent  public  and 
private  forest  lands  (fig.  1).   Not  included  were  aspen  grovelands  of  north-central 
Montana,  coniferous  forests  of  the  Bearpaw  Mountains  and  the  Little  Rockies,  the  pon- 
derosa  pine  woodlands  of  the  Missouri  River  breaks,  bottomland  hardwood  forests  of 
major  floodplains,  and  minor  areas  of  Rocky  Mountain  juniper  woodlands  scattered  through- 
out the  State.   (Researchers  from  the  University  of  Montana  School  of  Forestry,  are 
currently  conducting  a  study  of  forest  habitat  types  in  north-central  Montana  which  is 
scheduled  for  completion  in  December  1978.) 
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Figure  1. — Geographic  subdivisions  and  National  Forests  of  Montana. 


METHODS 


Plot  Sampling 

Mature  stands  were  sampled  along  elevational  transects  at  selected  locations 
throughout  forested  areas  of  western,  central,  and  southeastern  Montana  in  an  attempt 
to  represent  the  full  range  of  environmental  conditions  and  later  successional  stages 
(fig.  2).   Sampling  was  conducted  on  temporary  375-m2  (about  one-tenth  acre)  circular 
plots,  referenced  so  that  relocation  would  be  possible.   Transects  were  dispersed  with 
the  goal  of  essentially  blanketing  the  Montana  Rockies  to  the  extent  possible  in  three 
summers  of  field  sampling  by  two  to  three  sampling  teams. 
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FOREST  SERIES   CLASSIFICATION 

Fzgure  2. — Generalized  suaoessional  stages  of  each  forest  series,    showing  the  types 
of  stands  sampled  as  the  basis  for  our  habitat  type  classification. 


The  usual  procedure  of  stand  selection  was  for  the  team  leader  to  travel  the 
transect  routes  by  vehicle,  keeping  a  mileage  log  and  taking  notes  on  the  patterns  of 
forest  communities.   While  brief  stops  were  made  to  inspect  undergrowth,  changes  in 
overstory  and  general  undergrowth  patterns  could  be  observed  from  a  moving  vehicle. 
The  extent  of  apparently  homogeneous  communities  of  trees  and  undergrowth,  transitions 
into  other  communities,  and  topographic  and  edaphic  features  were  noted.   At  the  end 
of  each  transect,  the  mileage  log  and  notes  were  inspected  and  a  plan  was  formulated  to 
sample  representative,  relatively  mature  forest  communities  on  the  trip  back.   The 
number  of  sample  plots  depended  upon  the  availability  of  mature  stands  and  the  apparent 
diversity  of  forest  communities. 

Sample  plots  were  located  in  representative  portions  of  the  selected  stands,  with 
special  attempts  made  to  avoid  edge  effects,  obvious  ecotones,  openings,  unusually  dense 
clumps,  recent  disturbances,  and  microsites  (rock  outcrops,  seep  areas,  or  swales).   The 
emphasis  was  on  sampling  stands  without  any  preconceived  idea  of  a  classification  system. 
Independent  sampling  by  the  three  teams  helped  minimize  the  influence  of  possible  in- 
dividual biases.   The  transect  (with  stand  selection)  approach  also  had  the  advantage 
of  emphasizing  observations  of  forest  community  patterns  on  the  landscape  that  were 
helpful  in  constructing  the  classification. 

Random  and  systematic  systems  of  stand  selection  were  rejected  because  they  would 
be  very  inefficient.   They  would  oversample  abundant  communities  and  undersample 
scarcer  ones.   Also,  many  plots  would  fall  on  ecotones,  in  disturbed  areas,  or  in  het- 
erogeneous places  within  a  stand,  providing  samples  of  little  use  for  developing  a 
habitat  type  classification. 

In  each  375-m2  plot,  tree  species  were  tallied  by  2-inch  d.b.h.  classes.   Saplings 
between  0.5  and  4.5  feet  in  height  were  recorded  in  a  50-m2  plot.   Canopy  coverage  of 
each  vascular  plant  species  was  estimated  by  assigning  one  of  the  following  seven  cover- 
age classes:  +  =  present  in  stand  but  not  in  plot,  T  =  0  to  1  percent  coverage,  1=1 
to  5  percent,  2  =  5  to  25  percent,  3  =  25  to  50  percent,  4  =  50  to  75  percent,  5  =  75 
to  95  percent,  6  =  95  to  100  percent.  These  classes  were  modified  from  Daubenmire 
(1959) .   Coverage  class  for  each  undergrowth  species  was  estimated  for  the  entire 
375-m2  plot  rather  than  for  a  series  of  small  quadrats,  as  is  the  usual  procedure 
(k.  and  J.  Daubenmire  1968).   This  approach  seemed  efficient  for  providing  data  on 
species  presence  and  percent  coverage.   With  a  little  practice  and  teamwork  (including 
practice  layouts  of  areas  within  the  plot  representing  1,  5,  and  25  percent),  the 
samplers  were  able  to  visualize  and  estimate  coverage  of  grasses,  forbs,  shrubs,  and 
trees  using  this  one  method.   Although  accuracy  may  be  somewhat  lower  than  that  obtained 
by  estimating  coverage  classes  in  small  quadrats,  the  number  of  plots  can  be  increased 
two-  to  fourfold,  allowing  for  much  better  coverage  of  the  forest  communities.   Also,  the 
coverage-class  values  obtained  can  be  used  directly  in  association  tables  or  ordinations. 

A  relatively  free-growing  tree  of  each  tree  species,  if  available,  was  measured 
for  height,  age,  and  d.b.h.  to  estimate  site  potential  by  species.   (Suitable  site 
trees  were  generally  not  available  in  the  denser  old-growth  stands.)  Maximum  heights 
of  old-growth  trees  were  also  measured. 

Thicknesses  of  the  litter,  fermentation,  and  humus  layers  were  measured  at  three 
locations  in  the  plot.  Samples  of  the  upper  20  cm  of  mineral  soil  were  collected  for 
laboratory  analysis  along  with  samples  of  the  parent  material. 

Observations  were  made  on  fire  history,  insect  and  disease  occurrence,  animal  use, 
and  environmental  positions  of  the  stand  in  relation  to  adjoining  stands. 

During  the  summer  of  1971  a  total  of  429  stands  were  sampled  by  three  teams 
throughout  northwestern  and  west-central  Montana  (fig.  1).   Data  from  previous  studies 


were  used  whenever  possible,  including  those  collected  by  James  R.  Habeck  (University 
of  Montana)  and  his  students,  12  of  R.  and  J.  Daubenmires'  (1968)  Montana  plots,  and 
85  stands  previously  sampled  by  Pfister  (unpublished  reports)  and  Arno  (1970).   Al- 
though different  sampling  methods  were  used  in  these  studies,  the  data  could  be 
adapted  to  our  reconnaissance  system.   The  combined  data  formed  the  basis  for  the  pre- 
liminary habitat  type  classification  of  northwestern  and  west-central  Montana  in  1972, 
which  covered  the  Kootenai,  Flathead,  Lolo,  and  Bitterroot  National  Forests  and  adjacent 
areas  (fig.  1) . 

The  following  summer  (1972),  a  total  of  591  stands  were  sampled  by  three  teams  in 
central,  southwestern,  south-central,  and  southeastern  Montana.   These  were  the  basis 
for  the  second  preliminary  classification  in  1973,  which  covered  the  Deerlodge,  Beaver- 
head, Helena,  Lewis  and  Clark,  Gallatin,  and  Custer  National  Forests  and  intervening 
areas  (fig.  1) . 

During  the  field  season  of  1973  an  additional  249  stands  were  sampled  in  areas 
where  previous  data  were  scant.   About  50  additional  stands  were  sampled  during  1974 
and  1975.   The  current  classification  of  forest  habitat  types  throughout  Montana  was 
based  on  a  compilation  of  all  these  data. 

Office  Procedures 

The  chronological  development  of  our  classification  is  outlined  as  follows: 

1.  We  made  a  subjective  first  grouping  of  possible  types  at  the  end  of  the  1971 
and  1972  field  seasons. 

2.  We  constructed  several  index-of-similarity  ordinations  (Bray  and  Curtis  1957) 
to  array  the  stands  graphically  on  the  basis  of  their  species  composition  and  coverage 
data.   Because  of  the  large  number  of  stands,  we  grouped  them  by  climax  series  (fig.  2) 
prior  to  ordination.   We  also  gained  insight  to  potential  groupings  of  similar  stands 
and  the  use  of  various  species  as  indicators  through  analyzing  the  distributions  of 
individual  species  on  the  ordinations. 

3.  We  developed  a  classification  of  types  and  phases  by  comparing  the  first 
grouping  with  the  ordination.   At  this  time,  as  well  as  at  each  successive  revision,  we 
used  association  tables  to  test  each  stand  against  habitat  type  and  phase  parameters, 

4.  We  inspected  geographic  location,  elevation,  topographic  position,  soils,  etc., 
to  insure  that  specific  environmental  patterns  could  be  related  to  each  habitat  type 
and  phase. 

5.  We  corrected  terminology  for  the  types  to  express  the  inter-relationships  of 
our  types  as  clearly  as  possible  and  to  correlate  them  with  R.  and  J.  Daubenmire  (1968) 
whenever  appropriate. 

6.  We  used  the  phase  as  a  classification  unit  to  subdivide  habitat  types  where 
appropriate.   In  some  cases  a  phase  represents  a  broad  transition  between  two  adjacent 
habitat  types,  and  it  may  occupy  major  areas  of  the  forest  landscape-- for  example, 
ABLA/CLUN   h.t.,  MEFE   phase.   (Because  of  frequent  reference  to  habitat  type  names,  abbre- 
viations are  used  for  convenience  throughout  this  report;  these  are  shown  in  table  1.) 

In  other  cases  a  phase  represents  a  difference  of  vegetation  dominance  in  a  third  layer, 
whereas  the  habitat  type  is  defined  by  dominants  or  indicator  species  in  two  layers 
(e.g.,  PIPO/PUTR   h.t.  AGSP   and  FEW   phases). 

7.  We  presented  the  preliminary  classifications,  with  brief  descriptions  of  each 
type,  at  training  sessions  in  1972  and  in  1973.   These  were  immediately  put  into  use 
on  the  National  Forests.   We  solicited  evaluations  from  users  of  the  preliminary 
classification,  and  attempted  to  rectify  problems,  often  by  conducting  more  field 
sampling  of  problem  stands. 

5 


Table  1 . --Montana  forest  habitat  types 


Abbreviation 


Scientific  names 


Habitat  types  and  phases 


Common  names 


PINUS  FLEXILIS  CLIMAX  SERIES 


040 

PIFL/AGSP  h.t. 

050 

PIFL/FEID  h.t. 

0S1 

-FEID  phase 

052 

-FESC  phase 

070 

PIFL/JUCO  h.t. 

100 

110 

PIPO/AND  h.t.2 

130 

PIPO/AGSP  h.t. 

140 

PIPO/FEID  h.t. 

141 

-FEID  phase 

142 

-FESC  phase 

160 

PIPO/PUTR  h.t. 

161 

-AGSP  phase 

162 

-FEID  phase 

170 

PIPO/SYAL  h.t. 

171 

-SYAL  phase 

172 

-BERE  phase 

180 

PIPO/PRVI  h.t. 

181 

-PRVI  phase 

182 

-SHCA  phase 

410 

PICEA/EQAR  h.t. 

420 

PICEA/CLUN  h.t. 

421 

-VACA  phase 

422 

-CLUN  phase 

430 

PICEA/PHMA  h.t. 

440 

PICEA/GATR  h.t. 

450 

PICEA/VACA  h.t. 

460 

PICEA/SEST  h.t. 

461 

-PSME  phase 

462 

-PICEA  phase 

470 

PICEA/LIBO  h.t. 

480 

PICEA/SMST  h.t. 

500 


510 

ABGR/XETE  h.t. 

520 

ABGR/CLUN  h.t. 

521 

-CLUN  phase 

522 

-ARM)  phase 

523 

-XETE  phase 

590 

ABGR/LIBO  h.t. 

591 

-LI BO  phase 

592 

-XETF:  phase 

Pinus  flexilis/AgropyTon  spicatum  h.t. 
Pinus  flexilis/Festuca  idahoensis  h.t. 

-Festuca  idahoensis  phase 

-Festuca  scabrella  phase 
Pinus  flexilis/Juniperus  communis  h.t. 

PINUS  PONDEROSA  CLIMAX  SERIES 

Pinus  ponderosa/Andropogon  spp.  h.t. 
Pinus  ponderosa/AgropyTon  spicatum  h.t. 
Pinus  ponderosa/Festuca  idahoensis  h.t. 

-Festuca  idahoensis  phase 

-Festuca  scabrella  phase 
Pinus  ponderosa/Purshia  tridentata  h.t. 

-Agropyron  spicatum  phase 

-Festuca  idahoensis  phase 
Pinus  ponderosa/Symphoricarpos  albus  h.t. 
-Symphoricarpos  albus  phase 
-Berberis  repens  phase 

Pinus  ponderosa/Prunus  virginiana  h.t. 
-Prunus  virginiana  phase 
-Shcpherdia  canadensis  phase 


limber  pine/blucbunch  wheatgrass 

limber  pine/Idaho  fescue 

-Idaho  fescue  phase 
-rough  fescue  phase 

limber  pine/common  juniper 


ponderosa  pine/bluestem 

ponderosa  pine/bluebunch  wheatgrass 

ponderosa  pine/Idaho  fescue 

-Idaho  fescue  phase 
-rough  fescue  phase 

ponderosa  pine/bitterbrush 

-bluebunch  wheatgrass 

phase 
-Idaho  fescue  phase 

ponderosa  pine/snowberry 

-snowberry  phase 

-creeping  Oregon 

grape  phase 

ponderosa  pine/chokecherry 

-chokecherry  phase 
-buffaloberry  phase 


PSEUDOTSUGA  MENZIESII  CLIMAX  SERIES 


210 

PSME/AGSP 

h.t. 

Pseudotsuga 

220 

PSME/FEID  h.t. 

Pseudotsuga 

230 

PSME/FESC  h.t. 

Pseudotsuga 

250 

PSME/VACA  h.t. 

Pseudotsuga 

260 

PSME/PHMA  h.t. 

Pseudotsuga 

261 

-PUMA 

phase 

262 

-CARU 

phase 

280 

PSME/VAGL  h.t. 

Pseudotsuga 

281 

-VAGL 

phase 

282 

-ARUV 

phase 

283 

-XETE 

phase 

290 

PSME/LIBO  h.t. 

Pseudotsuga 

291 

-SYAL 

phase 

292 

-CARU 

phase 

293 

-VAGL 

phase 

310 

PSME/SYAL 

h.t. 

Pseudotsuga 

311 

-AGSP 

phase 

512 

-CARU 

phase 

313 

-SYAL 

phase 

320 

PSME/CARU 

h.t. 

Pseudotsuga 

321 

-AGSP 

phase 

322 

-ARUV 

phase 

323 

-CARU 

phase 

324 

-PIPO 

phase 

330 

PSME/CAGE  h.t. 

Pseudotsuga 

340 

PSME/SPBE 

h.t. 

Pseudotsuga 

350 

PSME/ARUV 

h.t. 

Pseudotsuga 

360 

PSME/JUCO  h.t. 

Pseudotsuga 

370 

PSME/ARCO  h.t. 

Pseudotsuga 

380 

PSME/SYOR  h.t.2 

Pseudotsuga 

menziesii/Agropyron  spicatum  h.t.  Douglas 

menzicsii/Festuca  idahoensis  h.t.  Douglas 

menziesii/Festuca  scabrella  h.t.  Douglas 

menziesii/Vaccinium  caespitosum  h.t.       Douglas 
menziesii/Physocarpus  malvaceus  h.t.       Douglas 
-Physocarpus  malvaceus  phase 
-Calamagrostis  rubesccns  phase 
menziesii/Vaccinium  globulare  h.t.         Douglas 
-Vaccinium  globulare  phase 
-Arctostaphylos  uva-ursi  phase 
-Xerophyllum  tenax  phase 
menziesii/Linnaea  borealis  h.t.  Douglas- 

-Symphoricarpos  albus  phase 
-Calamagrostis  rubescens  phase 
-Vaccinium  globulare  phase 
menziesii/Symphoricarpos  albus  h.t.        Douglas 
-Agropyron  spicatum  phase 

-Calamagrostis  rubescens  phase 
-Symphoricarpos  albus  phase 
Pseudotsuga  menziesii/Calamagrostis  rubescens  h.t.      Douglas 
-Agropyron  spicatum  phase 

-Arctostaphylos  uva-ursi  phase 
-Calamagrostis  rubescens  phase 
-Pinus  ponderosa  phase 

menziesii/Carex  geyeri  h.t.  Douglas 

menziesii/Spiraea  betulifolia  h.t.  Douglas 

menziesii/Arctostaphylos  uva-ursi  h.t.  Douglas 

menziesii/Juniperus  communis  h.t.  Douglas 

menziesii/Arnica  cordifolia  h.t.  Douglas 

menziesii/Symphoricarpos  oreophilus  h.t.  Douglas 


fir/biuebunch  wheatgrass 

fir/ Idaho  fescue 

fir/rough  fescue 

fir/dwarf  huckleberry 

f  ir/ninebark 

ninebark  phase 

pinegrass  phase 

fir/blue  huckleberry 

blue  huckleberry  phase 

kinnikinnick  phase 

beargrass  phase 

fir/twinf lower 

snowberry  phase 

pinegrass  phase 

blue  huckleberry  phase 

fir/snowberry 

bluebunch  wheatgrass 
phase 

pinegrass  phase 

snowberry  phase 

fir/pinegrass 

-bluebunch  wheatgrass 

phase 
-kinnikinnick  phase 
-pi. egrass  phase 
-ponderosa  pine  phase 

fir/elk  sedge 

fir/white  spiraea 

f  ir/kinnikinnick 

fir/common  juniper 

f ir/heartleaf  arnica 

fir /mountain  snowberry 


PICEA  CLIMAX  SERIES 


Equisetum  arvense  h.t. 
Picea/Clintonia  uniflora  h.t. 

-Vaccinium  caespitosum  phase 

-Clintonia  uniflora  phase 
Picea/Physocarpus  malvaceus  h.t. 
Picea/Galium  triflorum  h.t. 
Picea/Vaccinium  caespitosum  h.t. 
Picea/Senecio  streptanthifolius  h.t. 

-Pseudotsuga  menziesii  phase 

-Picea  phase 
Picea/Linnaea  borealis  h.t. 
Picea/Smilacina  stellata  h.t. 


spruce/common  horsetail 
spruce/queencup  beadlily 

-dwarf  huckleberry  phase 

-queencup  beadlily  phase 
spruce/ninebark 
spruce/sweetscented  bedstraw 
spruce/dwarf  huckleberry 
spruce/cleft-leaf  groundsel 

-Douglas-fir  phase 

-spruce  phase 
spruce/ twinf lower 
spruce/starry  Solomon's  seal 


ABIES  GRANDIS  CLIMAX  SERIES 


Abies  grandis/Xerophyllum  tenax  h.t. 
Abies  grandis/Clintonia  uniflora  h.t. 

-Clintonia  uniflora  phase 
Aralia  nudicaulis  phase 

-Xerophyllum  tenax  phase 
Abies  grandis/Linnaea  borealis  h.t. 

-Linnaea  borealis  phase 
-Xerophyllum  tenax  phase 


grand  fir/beargrass 

grand  fir/queencup  beadlilv 

-queencup  beadlily  phase 
-wild  sarsaparilla  phase 
-beargrass  phase 
grand  fir/ twinf lower 

-twinflower  phase 
-beargrass  phase 


(con. ) 


Table  1.-- (con. ) 


ADP 
code1 


Abbreviation 


Scientific  names 


Habitat_  Jtyp_es_  and  phases 


Common  names 


530 

THPL/CLUN  h.t. 

531 

-CLUN  phase 

532 

-ARNU  phase 

533 

-MEFE  phase 

550 

THPI./OPHO  h.t. 

570 
571 


TSHE/CLUN  h.t. 
-CLUN  phase 


-ARNU  phase 


700 

610 

ABLA/OPHO  h.t. 

620 

ABLA/CLUN  h.t. 

621 

-CLUN 

phase 

622 

-ARNU 

phase 

623 

-VACA 

phase 

624 

-XETE 

phase 

625 

-MEFE 

phase 

630 

ABLA/GATR 

h.t. 

640 

ABLA/VACA  h.t. 

650 

ABLA/CACA  h.t. 

651 

-CACA 

phase 

6S3 

-GATR 

phase 

654 

-VACA 

phase 

660 

ABLA/LIBO 

h.t. 

661 

-LI  BO 

phase 

662 

-XETE 

phase 

663 

-VASC 

phase 

670 

ABLA/MEFE 

h.t. 

680 

TSME/MEFE 

h.t. 

690 

ABLA/XETE 

h.t. 

691 

-VAGL 

phase 

692 

-VASC 

phase 

710 

TSME/XETE 

h.t. 

720 

ABLA/VAGL  h.t. 

730 

ABLA/VASC 

h.t. 

731 

-CARU 

phase 

732 

-VASC 

phase 

733 

-THOC 

phase 

740 

ABLA/ALSI 

h.t. 

750 

ABLA/CARU 

h.t. 

770 

ABLA/CLPS 

h.t. 

780 

ABLA/ARCO 

h.t. 

790 

ABLA/CAGE  h.t.2 

791 

-CAGE 

phase 

792 

-PSME 

phase 

810 

ABLA/RIMO  h.t.2 

820 

ABLA-PIAL/VASC 

h.t. 

830 

ABLA/LUHI 

831 

-VASC  phase 

832 

-MEFE  phase 

840 

TSME/LUHI  h.t.2 

841 

-VASC  phase 

84  2 

-MEFE  phase 

890 

850 

PIAL-ABLA  h.t .s 

860 

LALY-ABLA  h.t.s 

870 

PIAL  h.t.s 

910 

PICO/PUTR  h.t. 

920 

PICO/VACA  c.t. 

930 

PICO/LIBO  c.t. 

940 

PICO/VASC  c.t. 

950 

PICO/ CARU  c.t. 

THUJA  PLICATA  CLIMAX  SERIES 

Thuja  plicata/Clintonia  uniflora  h.t. 
-Clintonia  uniflora  phase 

-Aralia  nudicaulis  phase 

-Menziesia  ferruginea  phase 
Thuja  plicata/Oplopanax  horridum  h.t. 

TSUGA  HETEROPHYLLA  CLIMAX  SERIES 

Tsuga  heterophylla/Clintonia  uniflora  h.t. 
-Clintonia  uniflora  phase 


-Aralia  nudicaulis  phase 


ABIES  LASIOCARPA  CLIMAX  SERIES 
Lower  subalpine  h.t.s 

Abies  lasiocarpa/Oplopanax  horridum  h.t. 

Abies  lasiocarpa/Clintonia  uniflora  h.t. 
-Clintonia  uniflora  phase 
-Aralia  nudicaulis  phase 
-Vaccinium  caespitosum  phase 
-Xerophyllum  tenax  phase 
-Menziesia  ferruginea  phase 

Abies  lasiocarpa/Galium  triflorum  h.t. 

Abies  lasiocarpa/Vaccinium  caespitosum  h.t. 

Abies  lasiocarpa/Calamagrostis  canadensis  h.t. 
-Calamagrostis  canadensis  phase 
-Galium  triflorum  phase 

-Vaccinium  caespitosum  phase 

Abies  lasiocarpa/Linnaea  boreal  is  h.t. 
-Linnaea  borealis  phase 
-Xerophyllum  tenax  phase 
-Vaccinium  scoparium  phase 

Abies  lasiocarpa/Menziesia  ferruginea  h.t. 

Tsuga  mertensiana/Menziesia  ferruginea  h.t. 

Abies  lasiocarpa/Xerophyllum  tenax  h.t. 

-Vaccinium  globulare  phase 

-Vaccinium  scoparium  phase 


Tsuga  mertensiana/Xerophyllum  tenax  h.t. 

Abies  lasiocarpa/Vaccinium  globulare  h.t. 

Abies  lasiocarpa/Vaccinium  scoparium  h.t. 

-Calamagrostis  rubescens  phase 
-Vaccinium  scoparium  phase 

-Thalictrum  occidentale  phase 

Abies  lasiocarpa/Alnus  sinuata  h.t. 

Abies  lasiocarpa/Calamagrostis  rubescens  h.t. 

Abies  lasiocarpa/Clematis  pseudoalpina  h.t. 

Abies  lasiocarpa/Arnica  cordifolia  h.t. 

Abies  lasiocarpa/Carex  geyeri  h.t. 
-Carex  geyeri  phase 
-Pseudotsuga  menziesii  phase 

Upper  subalpine  h.t.s 

Abies  lasiocarpa/Ribes  montigenum  h.t. 
Abies  lasiocarpa-Pinus  albicaulis/Vaccinium 

scoparium  h.t. 
Abies  lasiocarpa/Luzula  hitchcockii  h.t. 

-Vaccinium  scoparium  phase 

-Menziesia  ferruginea  phase 
Tsuga  mertensiana/Luzula  hitchcockii  h.t. 
-Vaccinium  scoparium  phase 

-Menziesia  ferruginea  phase 

Timber line  h.t.s 

Pinus  albicaulis-Abies  lasiocarpa  h.t.s 
Larix  lyallii-Abies  lasiocarpa  h.t.s 
Pinus  albicaulis  h.t.s 

PINUS  CONTORTA  CLIMAX  SERIES 

Pinus  contorta/Purshia  tridentata  h.t. 
Pinus  contorta/Vaccinium  caespitosum  c.t. 
Pinus  contorta/Linnaea  borealis  c.t. 
Pinus  contorta/Vaccinium  scoparium  c.t. 
Pinus  contorta/Calamagrostis  rubescens  c.t. 


western  redcedar/queencup  beadlily 

-queencup  beadlily 

phase 
-wild  sarsaparilla 

phase 
-menziesia  phase 
western  redcedar/devil ' s  club 


western  hemlock/queencup  beadlily 
-queencup  beadlily 

phase 
-wild  sarsaparilla 

phase 


subalp 
subalp 


subalp 
subalp 

subalp 


subalp 


subalp 
mount a 

subalp 


ine  fir/devil's  club 

ine  fir/queencup  beadlily 

-queencup  beadlily  phase 

-wild  sarsaparilla  phase 

-dwarf  huckleberry  phase 

-beargrass  phase 

-menziesia  phase 
ine  fir/sweetscented  bedstraw 
ne  fir/dwarf  huckleberry 
ine  fir/bluejoint 

-bluejoint  phase 

-sweetscented  bedstraw 
phase 

-dwarf  huckleberry  phase 
ine  fir/twinflower 

-twinflower  phase 

-beargrass  phase 

-grouse  whortleberry  phase 
ine  fir/menziesia 
in  hemlock/menziesia 
ine  f ir/beargrass 

-blue  huckleberry 
phase 

-grouse  whortleberry 
phase 


mountain 
subalpine 

subalpine 


subalpine 

subalpine 
subalpine 

subalpine 
subalpine 


hemlock/beargrass 
fir/blue  huckleberry 
fir/grouse  whortleberry 
-pinegrass  phase 
-grouse  whortleberry 

phase 
-western  meadowrue 
phase 
fir/Sitka  alder 
f  ir/pinegrass 
fir/virgin's  bower 
fir /heart leaf  arnica 
fir/elk  sedge 

-elk  sedge  phase 
-Douglas-fir  phase 


subalpine  fir/mountain  gooseberry 
subalpine  fir-whitebark  pine/ 

grouse  whortleberry 
subalpine  fir/smooth  wood-rush 

-grouse  whortleberry 

phase 
-menziesia  phase 
mountain  hemlock/smooth  wood-rush 

-grouse  whortleberry 

phase 
-menziesia  phase 


whitebark  pine-subalpine  fir 
alpine  larch-subalpine  fir 

whitebark  pine 


lodgepole  pine/bitterbrush 

lodgepole  pine/dwarf  huckleberry 

lodgepole  pine/twinflower 

lodgepole  pine/grouse  whortleberry 

lodgepole  pine/pinegrass 


Total  Number  of  Habitat  Types  =  64 

Total  Number  of  Habitat  Types,  Phase,  and  Pinus  contorta  Community  Type  Categories  =  105 


Automatic  data  processing  codes  for  National  Forest  System  use. 
Minor  type  in  Montana;  described  in  other  study  areas. 


8.  We  developed  the  final  classification  (table  1)  after  3  years  of  field  testing 
and  revising  preliminary  classifications,  and  incorporating  new  data.   This  included  re- 
defining types,  rewriting  the  keys,  checking  all  stands  against  the  classification,  and 
mutually  agreeing  on  the  types  and  phases.   Approximately  3  percent  of  the  sample  stands 
did  not  fit  the  resulting  classification.  Many  of  these  were  ecotones  or  vegetational 
mosaics,  unusual  serai  communities,  very  dense  stands  with  little  undergrowth,  or  minor 
or  local  associations.   Some  of  the  latter  may  represent  potential  habitat  types  that 
our  data  were  too  scant  to  identify. 

9.  We  prepared  a  description  for  each  habitat  type,  including  a  generalized 
discussion  of  geographic  distribution,  physical  environmental  features,  key  vegetational 
features,  descriptions  of  phases,  and  the  basis  for  their  separation. 

10.   Where  environmental  characteristics  and  vegetative  features  provide  a  basis 
for  predicting  response  to  management  practices,  we  have  pointed  out  some  of  the  more 
obvious  interrelations.   This  classification  should  serve  as  a  foundation  for  further 
development  of  "site-specific"  management  implications  pertaining  to  several  disciplines, 

Taxonomic  Considerations 

Voucher  collections  of  several  thousand  plants  were  made  in  the  course  of  stand 
sampling.   About  1,000  specimens  of  the  better  collections  have  been  deposited  in  the 
herbarium  of  the  Forestry  Sciences  Laboratory,  Missoula.   Most  of  the  plants  were 
identified  to  species,  but  some  nonf lowering  specimens  could  not  be  identified  to  or 
beyond  the  genus  level.   Peter  F.  Stickney  of  the  Missoula  herbarium  verified  many  of 
the  field  identifications.   Specimens  of  some  of  the  more  difficult  groups  were  sent 
to  the  USDA  Forest  Service  herbarium  in  Fort  Collins,  Colorado,  where  Dr.  F.  J. 
Hermann  made  determinations  for  Carex   and  Dr.  Charles  Feddema  identified  the  remaining 
groups.   Determinations  for  Penstemon   were  made  by  Dr.  David  V.  Clark,  Colorado  Mountain 
College,  Glenwood  Springs;  Dr.  Rupert  C.  Barneby,  Greenport,  Long  Island,  made  the 
identifications  for  Astragalus   and  Oxytropis .      The  presence  table  (appendix  C-2)  pro- 
vides a  complete  list  of  species  found  in  at  least  five  of  the  nearly  1,500  stands 
sampled.   Nomenclature  generally  follows  Hitchcock  and  Cronquist  (1973). 

The  nature  of  the  survey  method  often  required  that  field  identification  be  made 
on  material  in  vegetative,  sterile,  or  other  than  optimal  condition  for  taxonomic 
separation.   This  prevented  positive  identification  of  some  closely  related  species; 
in  such  cases,  specimens  were  grouped  under  the  most  prevalent  species  for  the  region. 

A  few  species  presented  special  taxonomic  problems.   Although  Vaooinivm  membrana- 
oeum   is  reported  for  Montana  (Hitchcock  and  others  1955-69),  essentially  all  of  our 
Vaocinium  globulare-V.  membranaoeum   collections  appeared  to  be  V.    globulare. 

Vaocinium  myrti  '.lus  often  intergrades  extensively  with  V.  sooparium  and  perhaps 
also  with  V.  globulare  in  Montana.  Our  tabular  data  represent  V.  myrtillus  as  iden- 
tified by  the  strictest  taxonomic  criteria. 

Clematis  pseudoalpina   and  C.    tenuiloba   are  evidently  restricted  to  similar  environ- 
ments and  they  intergrade  to  such  a  confusing  extent  that  we  lumped  them  under  C. 
pseudoalpina. 

Special  attention  needs  to  be  given  to  the  distinction  between  Pinus  albioaulis 
and  P.   flexilis   in  Montana.  Pinus  albioaulis   grows  at  high  elevations  all  across  the 
Montana  Rockies,  whereas  P.    flexilis   is  common  below  the  forest  zone  along  or  east  of 
the  Continental  Divide  extending  up  to  midelevations  on  droughty  sites.   Cones  of  Pinus 
albioaulis   are  purple  and  disintegrate  on  the  tree    (leaving  only  broken  scales  on  the 
ground),  whereas  those  of  P.    flexilis   turn  from  green  to  brown  and  remain  intact  on  the 


ground   for  a  few  years.  Pinus  albiaaulis   is  a  common  forest  component  whose  reproduc- 
tion, usually  as  stagnant  saplings,  may  extend  down  to  midelevations.  Pinus  flexilis 
is  rarely  a  component  of  dense  forests,  and  seldom  reproduces  in  stands  dominated  by 
other  species. 

Most  Piaea   populations  in  Montana  are  the  result  of  P.    engelmannii   X  P.    glauaa 
hybridization  (Daubenmire  1974;  Habeck  and  Weaver  1969).   However,  our  observations  and 
cone  scale  measurements  indicate  recognizable  differences  in  the  degree  of  hybridiza- 
tion.  The  cone  scales  of  Piaea  glauaa   are  broadest  near  the  tip,  which  is  rounded  and 
smooth.  The  cone  scales  of  P.    engelmannii   are  broadest  near  the  base,  narrowing  at  the 
tip,  and  having  a  wavy,  crinkled,  papery  margin.   P.  engelmannii   twigs  are  usually 
finely  pubescent,  whereas  those  of  P.  glauca   are  normally  without  hairs.   Recognition  of 
these  and  other  taxonomic  differences  (Daubenmire  1974)  is  important  for  silvicultural 
practices  and  future  research  efforts  involving  Picea. 

Synecological  Perspective  and  Terminology 

Definition  and  Explanation  of  Habitat  Type 

All  land  areas  potentially  capable  of  producing  similar  plant  communities  at 
climax  may  be  classified  as  the  same  habitat  type  (Daubenmire  1968b) .   The  climax  plant 
community,  because  it  is  the  end  result  of  plant  succession,  reflects  the  most  meaning- 
ful integration  of  the  environmental  factors  affecting  vegetation.   Thus,  each  habitat 
type  represents  a  relatively  narrow  segment  of  environmental  variation  and  delineates 
a  certain  potential  for  vegetative  development.   One  habitat  type  may  support  a  variety 
of  disturbance-induced,  or  serai,  plant  communities,  but  the  vegetative  succession  will 
ultimately  produce  similar  plant  communities  at  climax  throughout  the  type. 

The  climax  community  type,  or  association,  provides  a  logical  name  for  the  habitat 
type--for  example,  Pseudotsuga  menziesii/ ' Calamagvostis  rubescens .      The  first  part  of 
this  name  is  based  on  the  climax  tree  species,  which  is  usually  the  most  shade-tolerant 
tree  adapted  to  the  site.   We  call  this  level  of  classification  the  series  and  it  en- 
compasses all  habitat  types  having  the  same  dominant  tree  at  climax.   The  second  part 
of  the  habitat  type  name  is  based  on  the  dominant  or  characteristic  undergrowth  species 
in  the  climax  community  type. 

Use  of  climax  community  types  to  name  habitat  types  does  not  imply  that  we  have 
an  abundance  of  climax  vegetation  in  the  present  landscape.   Actually,  most  vegetation 
in  the  landscape  reflects  some  form  of  disturbance  and  various  stages  of  succession 
towards  climax.   Nor  do  climax  community  type  names  imply  that  management  is  for 
climax  vegetation;  in  fact,  serai  species  are  frequently  preferred  for  timber  and  wild- 
life browse  production.   Furthermore,  this  method  does  not  require  the  presence  of  a 
climax  stand  to  identify  the  habitat  type.   It  can  be  identified  during  most  inter- 
mediate stages  of  succession  by  comparing  the  relative  reproductive  success  of  the  tree 
species  present  with  known  successional  trends  and  by  observing  the  existing  undergrowth 
vegetation.   Successional  trends  toward  climax  usually  appear  to  progress  more  rapidly 
in  the  undergrowth  than  in  the  tree  layer.   In  very  early  stages  of  secondary  succession, 
the  habitat  type  can  be  identified  by  comparing  the  site  with  similar  adjacent  ones 
having  mature  stands. 

Not  all  units  of  land  will  fit  neatly  into  the  habitat  type  system.   As  in  most 
biological  classifications,  intergrades,  or  transitional  areas  will  be  encountered. 
However,  these  situations  occupy  a  small  percentage  of  land  and  need  not  greatly  detract 
from  the  utility  of  a  habitat  type  classification. 

The  main  advantage  of  habitat  types  in  forest  management  is  that  they  provide  a 
permanent  and  ecologically-based  system  of  land  stratification.   Each  habitat  type 
encompasses  a  certain  amount  of  environmental  variation,  but  the  variation  within  a 


habitat  type  should  be  less  than  that  between  types.   In  addition,  habitat  types  provide 
a  classification  of  climax  plant  communities.   Plant  succession  should  be  generally  pre- 
dictable for  each  habitat  type,  and  similar  responses  to  management  treatments  can  be 
expected  on  units  of  land  within  the  same  type. 

Habitat  Types  Versus  Continuum  Philosophy 

A  vigorous  debate  has  been  carried  on  for  many  years  by  ecologists  who  study  plant 
communities--i . e. ,  phytosociologists.   Although  several  philosophies  have  been  developed 
to  interpret  plant-community  organization,  two  of  them  are  often  the  center  of  debate: 

(1)  the  advocates  of  typal  communities  argue  that  distinct  vegetation  types  develop  at 
climax  and  are  repeated  over  the  landscape  where  environmental  conditions  are  similar; 

(2)  continuum  advocates  argue  that  even  at  climax,  vegetation,  like  environmental  con- 
ditions, varies  continuously  over  the  landscape  (Daubenmire  1966;  Cottam  and  Mcintosh 
1966;  Vogl  1966).  Some  of  those  who  accept  the  typal  communities  philosophy  may  view 
habitat  type  classification  much  the  same  as  they  view  the  taxonomic  classification  of 
the  plant  kingdom.  Continuum  advocates  may  regard  habitat  type  classifications  as  an 
attempt  to  make  categories  by  drawing  fine  lines  at  intervals  along  a  complex  vegeta- 
tional  continuum.  Collier  and  others  (1973)  presented  these  contrasting  philosophies 
and  advocated  an  intermediate  viewpoint. 

While  this  debate  may  be  of  interest  academically,  it  need  not  preoccupy  natural 
resource  managers  and  field  biologists  who  need  a  logical,  ecologically-based  class- 
ification with  which  to  work.   We  have  proceeded  under  the  philosophy  that  if  a 
"continuum"  does  exist,  then  we  would  subdivide  it  into  classes.   Our  primary  objective 
has  remained  to  develop  a  logical  classification  that  reflects  the  natural  patterns 
found  on  the  landscape.   Local  conditions  that  deviate  from  this  classification  can 
still  be  described  in  terms  of  how  they  differ  from  the  nearest  typal  description. 

Some  Synecologioal  Relationships 

R.  and  J.  Daubenmire  (1968)  presented  a  detailed  discussion  of  many  synecological 
concepts  that  apply  here  also.   Like  the  Daubenmires,  we  found  that  overstory  and 
undergrowth  unions  generally  do  not  have  identical  range  limits.   Some  of  the  under- 
growth unions  that  the  Daubenmires  defined  in  combination  with  only  one  climax  over- 
story  union  were  found  more  broadly  distributed  in  Montana  forests.   Thus,  we  have 
Xerophyllum  tenax   as  an  undergrowth  type  with  Pseudotsuga  menziesii   and  Abies  grandis 
as  well  as  A.    lasiocarpa   and  Tsuga  mevtensiana.      In  these  situations,  distinguishing 
habitat  types  primarily  on  the  basis  of  climax  tree  species  leads  to  recognizing  a 
larger  number  of  habitat  types.   Other  aspects  of  undergrowth-overstory  relationships 
are  discussed  in  the  series  and  habitat  type  descriptions. 

Our  stand  tables  and  observations  also  support  R.  and  J.  Daubenmire's  (1968)  con- 
tention that  the  "principle  of  competitive  exclusion"  is  rarely  achieved  in  natural 
stands  because  it  requires  several  centuries  without  disturbance.   However,  there  is 
a  trend   toward  dominance  by  the  most  shade-tolerant  tree  species.   This  trend  is  most 
evident  on  mesic  sites,  where  the  serai  and  climax  species  show  the  greatest  differences 
in  shade  tolerance.   It  becomes  less  evident  as  climax  species  such  as  Tsuga,    Thuja, 
and  Abies  grandis   reach  their  geographic  range  limits  eastward  across  the  Montana 
Rockies.   In  such  peripheral  stands,  these  species  do  not  always  maintain  their  char- 
acteristic ability  to  exclude  other  species  at  climax  (R.  and  J.  Daubenmire  1968). 
The  trend  toward  monospecific  dominance  is  also  less  evident  where  forests  do  not 
develop  a  closed  canopy.   Stand  analysis  indicates  that  certain  conifers  persist  in  a 
minor  climax  or  even  coclimax  status  along  with  the  dominant  climax  species  in  several 
habitat  types.  These  relationships  are  portrayed  in  appendix  B.   In  the  interest  of 
simplicity  the  habitat  type  name  usually  reflects  only  one  major  climax  species. 
Exceptions  are  ABLA-PIAL/VASC ,   PIAL-ABLA,   and  LALY-ABLA   habitat  types  (table  1). 
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Although  transitional  areas  or  ecotones  between  habitat  types  can  be  interpreted 
as  being  broad  or  narrow,  our  approach  was  to  interpret  them  as  narrowly  as  possible. 
In  this  way,  more  of  the  land  surface  is  definable  to  habitat  type  and  less  is  in 
ecotonal  categories  that  may  be  impractical  for  use  in  resource  management. 

In  discussing  the  relationship  of  a  habitat  type  to  certain  environmental  features, 
we  have  followed  the  polyclimax  concept  of  Tansley  (1935).   Thus,  a  climatic  climax 
develops  on  deep  loamy  soils  of  gently  undulating  relief;  an  edaphic  climax   differs 
from  the  climatic  climax  due  to  extreme  soil  conditions  such  as  coarse  texture  or  poor 
drainage;  and  a  topographic  climax   reflects  compensating  effects  of  topography  on  micro- 
climate. The  topoedaphic  climax   is  a  convenient  way  to  designate  deviation  from  a  cli- 
matic climax  due  to  combined  effects  of  edaphic  and  topographic  features.   Some  habitat 
types  reflect  only  one  type  of  climax,  but  the  majority  of  them  occur  in  two  or  more  of 
the  above  categories  in  response  to  interaction  of  environmental  factors. 


THE  PHYSICAL  SETTING 


Topography  and  Geology 

The  western  one-third  of  Montana—roughly,  the  area  west  of  a  line  running  from 
Red  Lodge  to  East  Glacier  Park  —  is  prominently  mountainous  with  intervening  valleys. 
However,  isolated  mountain  ranges  occur  as  far  as  150  to  200  miles  east  of  that  line 
(fig.  3)  in  the  Montana  Great  Plains.   In  northwestern  and  west-central  Montana  (fig.  1) , 
valley  base  elevations  generally  range  between  2,000  and  4,000  feet;  these  valleys  are 
either  forested  or  grassland.   The  major  mountain  ranges  rise  to  elevations  of  7,000  to 
9,000  feet.  These  mountains  support  extensive  forests  up  to  subalpine  levels,  and  there 
is  a  small  amount  of  area  above  the  alpine  timberline. 

In  central  Montana  the  broad,  grassy  intermountain  valleys  are  generally  4,000  to 
5,000  feet  in  elevation;  the  major  mountain  ranges,  which  are  often  less  rugged  than 
ranges  to  the  west,  rise  to  between  7,000  to  9,000  feet. 

In  the  southwestern  and  south-central  portions  of  the  State  the  grassy  intermoun- 
tain valleys  are  high,  generally  4,500  to  6,500  feet,  and  major  mountain  ranges  usually 
rise  to  10,000  feet  or  higher.   The  Absaroka  and  Beartooth  Ranges  have  rather  extensive 
plateau-like  areas  above  timberline. 

The  surface  geologic  formation  throughout  most  of  northwestern  Montana  is  the 
Precambrian  Belt  Series,  consisting  primarily  of  quartzites  and  argillites.   The  Idaho 
and  Boulder  Batholiths  comprise  the  Bitterroot  Range  west  of  the  Bitterroot  Valley  and 
much  of  the  southern  Sapphire  and  Anaconda-Pintlar  Ranges  as  well  as  the  Continental 
Divide  from  Butte  to  Helena.   Composition  is  predominantly  granitic  with  inclusions  of 
gneiss  and  schist.  Volcanic  and  sedimentary  rocks  (both  limestone  and  nonlimestone) 
constitute  most  of  the  remainder  of  the  Montana  Rockies.   Many  of  the  mountain  areas 
near  or  east  of  the  Continental  Divide  are  geologically  complex  in  contrast  to  areas 
farther  west  (Perry  1962). 
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Figure  3. — Distribution  of  mountain  ranges  in  Montana 

Most  of  the  prominent  valleys  in  the  Montana  Rockies  contain  a  layer  of  alluvium 
deposited  by  streams  and  glacial  action.  The  majority  of  these  areas  support  grassland, 
riparian,  or  cultivated  vegetation,  although  substantial  areas  in  northwestern  Montana 
valleys  support  forests. 

Contrasting  plant  communities  develop  where  limestone  and  noncalcareous  substrates 
meet  in  many  areas  east  of  the  Continental  Divide  in  Montana.   Bamberg  and  Major  (1968), 
Despain  (1973),  Patten  (1963),  and  others  have  described  vegetational  patterns  related 
to  limestone  substrates  in  and  adjacent  to  Montana.  Herbert  Holdorf--soil  scientist  on 
the  Lewis  and  Clark  National  Forest  at  Great  Falls,  Montana- -has  also  noted  the  relation- 
ships of  various  geological  substrates  to  soil  and  forest  development.   Goldin  (1976)  has 
enumerated  Uoldorf's  observations  in  addition  to  documenting  the  relationship  of  forest 
habitat  types  to  three  substrates  (limestone,  granite,  and  quartzite)  in  the  Garnet  Range 
east  of  Missoula.   Several  correlations  of  forest  vegetation  to  limestone  and  other  cal- 
careous rocks  became  apparent  during  the  current  study  and  are  discussed  in  later  sections, 

Soils 

In  general,  Montana  forest  soils  are  quite  rocky,  reflecting  their  mountainous 
setting.   Because  steep  topography  and  rocky  soils  are  so  prevalent,  sites  capable  of 
supporting  a  climatic  climax  are  scarce  over  much  of  the  forested  landscape. 
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In  northern  Idaho,  R.  and  J.  Daubenmire  (1968)  observed  that  soil  mantles  on 
leeward  slopes  were  better  developed  than  those  on  windward  slopes  because  of  wind- 
deposited  loess  and  volcanic  ash  from  the  west.   This  correlation  applies  also  in 
Montana  west  of  the  Continental  Divide  although  it  is  usually  much  less  pronounced. 

Nimlos  (1963)  described  the  prominent  great  soil  groups  found  in  Montana  west  of 
the  Continental  Divide.   Brown  Podzolic  soils  occupy  the  moister  forest  sites--"areas 
of  more  than  25  inches  of  mean  annual  precipitation  on  fine  textured  calcareous 
materials  and  on  areas  of  more  than  17  inches  on  coarse  textured,  acid  materials." 
He  further  stated  that  a  Bir  horizon  4  to  18  inches  thick  is  the  most  diagnostic  feature 
of  these  soils.   Brown  Podzolic  soils  are  apparently  also  associated  with  moist  forest 
types  east  of  the  Divide  in  Montana  (Western  Land  Grant  Univ.  1964).   Such  soils  are 
evidently  associated  with  the  Tsuga,   Thuja,  Abies  gvandis ,  and  A.    lasioaarpa   climax 
series  we  well  as  wetter  habitat  types  in  the  Pioea,   Pinus  oontovta,   and  Pseudotsuga 
series. 

Gray  Wooded  soils  (Nimlos  1963;  Western  Land  Grant  Univ.  1964)  are  associ- 
ated with  the  drier  forest  types  in  Montana.   The  average  annual  precipitation  of  these 
sites,  which  support  the  Pinus  ponderosa   and  drier  part  of  the  Pseudotsuga   series,  is 
about  15  to  20  inches. 

Chernozems  are  also  likely  to  be  found  in  the  open  forests  where  steppe  understory 
vegetation  has  a  dominant  soil  forming  effect. 

According  to  the  maps,  descriptions,  and  nomenclature  of  the  new  Soil  Taxonomy 
(USDA  Soil  Conservation  Service  1975)  the  major  subgroups  of  soils  in  Montana  forests 
are: 

1.  Cryoborolls--on  lower  elevation  slopes  with  grass-dominated  undergrowth. 

2.  Cryoboralfs--on  midelevation  slopes  in  central  and  southern  Montana. 

3.  Cryandepts--on  midelevation  slopes  in  areas  of  western  Montana  with  volcanic 

ash  deposits. 

4.  Cryochrepts--on  higher  elevation  and  steep  slopes  throughout  mountains  of 

Montana. 

5.  Torriorthents--shallow  soils  on  the  steep  mountain  slopes,  badlands,  and 

rolling  plains  in  central  and  southeastern  Montana. 

Climate  and  Microclimate 

The  Continental  Divide  exerts  a  marked  influence  on  Montana's  climate  (U.S.  Dep. 
Commerce  1971),  resulting  in  marked  vegetation  differences  across  the  State.   The 
area  west  of  the  Divide  has  an  inland  climate  strongly  modified  by  moisture-laden  air 
masses  from  the  North  Pacific  Ocean.   Mild,  cloudy  weather  prevails  in  all  seasons 
except  midsummer.   Precipitation  is  rather  evenly  distributed  throughout  the  year, 
except  for  a  dry  period  in  July  and  August.   In  the  northwest  portion  of  the  State, 
where  the  maritime  influence  is  strongest,  some  of  the  lower  elevations  have  a 
sufficiently  moist  (average  annual  precipitation  greater  than  30  inches)  and  mild 
climate  to  support  vegetation  similar  to  that  of  the  Pacific  Coast  mountains  (Tsuga 
and  Thuja   series).   Eastward,  Pacific  Coast  species  drop  out  of  the  flora  as  oceanic 
moisture  diminishes  with  each  crossing  of  a  mountain  range. 

East  of  the  Divide  the  climate  is  decidedly  continental.   It  is  characterized  by 
warm  summers  with  a  high  proportion  of  the  precipitation  falling  between  May  and 
September  and  winter  conditions  that  have  invasions  of  subzero  Arctic  air  followed  by 
warm  dry  Chinook  winds. 
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Elevation  also  has  a  major  effect  on  climate  and  thus  on  vegetation  patterns. 
Except  in  extreme  northwestern  Montana,  lowlands  are  semiarid  and  support  either 
grassland  or  very  dry  forest  types.  Mountains  are  much  cooler  and  often  receive  two 
to  three  times  as  much  annual  precipitation,  most  of  it  coming  in  the  form  of  snow. 
Above  8,000  feet  in  northern  Montana  and  9,500  feet  in  southern  Montana,  forests  give 
way  to  alpine  tundra.  About  25  mountain  ranges  in  the  State  support  some  tundra, 
which  develops  on  sites  having  mean  July  temperatures  of  less  than  50  degrees  F. 
(Arno  1970).   Thus,  the  lower  elevational  limits  of  coniferous  forests  are  controlled 
primarily  by  moisture,  while  the  upper  elevational  limits  are  controlled  primarily 
by  temperature. 

Topographic  features  also  have  a  strong  influence  on  microclimate,  as  R.  and  J. 
Daubenmire  (1968)  pointed  out.   North  and  south  exposures  have  strongly  contrasting 
environments  because  of  differences  in  insolation,  snow  accumulation,  and  soil 
development.   Cold  air  drains  down  into  mountain  valleys  at  night  and  forms  "frost 
pockets"  behind  topographic  constrictions.   These  sites  are  occupied  by  distinctive 
vegetation,  some  of  it  characteristic  of  higher  elevations. 


SUCCESSIONAL  STATUS  OF  MONTANA  FORESTS 


Fire  History 

Recognition  of  the  important  role  played  by  lightning-caused  fires  in  Montana 
forests  has  been  growing,  especially  in  the  last  few  decades  (Wellner  1970).   During 
our  sampling,  we  observed  and  recorded  evidence  of  past  fires  on  about  1,000  plots. 
Such  evidence  consists  of  partially-healed  fire  scars  at  the  base  of  old  trees  or 
stumps,  charred  material  on  or  in  the  ground,  and  presence  of  new  stands  or  age-classes 
of  serai  species. 

Some  of  the  most  abundant  species  in  Montana  forests  are  fire-adapted  serai  trees 
(Starker  1934;  Wellner  1970).  Mature  Larix  oooidentalis ,   Pinus  ponderosa,    and 
Pseudotsuga  menziesii   have  thick  basal  bark  which  makes  them  very  resistant  to  fire. 
Pinus  contorta   and  Thuja   show  moderate  resistance  to  death  from  ground  fire.   Most 
other  species  (e.g.,  Abies,   Tsuga,   Piaea)   are  likely  to  be  killed  by  most  fires, 
because  of  thin  bark  and  susceptibility  to  rot  entering  fire-caused  wounds. 

The  vast  majority  of  all  sample  stands  showed  evidence  of  wildfire  within  the  past 
two  centuries,  despite  deliberate  selection  of  the  oldest  and  least -disturbed  stands. 
The  few  stands  that  showed  no  evidence  of  fire  in  the  past  20C  years  were  usually  at 
high  elevations  or  on  very  moist  sites. 

In  general,  the  Pinus  flexilis ,  Pinus  ponderosa   and  drier  Pseudotsuga   habitat 
types  showed  evidence  of  light  ground  fires  at  intervals  averaging  less  than  30  years. 
Moister  Pseudotsuga   habitat  types  and  Abies  lasiooarpa   habitat  types  showed  much 
longer  fire-free  intervals,  and  the  fires  often  resulted  in  formation  of  new  stands, 
or  at  least  in  the  addition  of  a  new  age  class  in  surviving  stands. 
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Arno  (1976)  cross-sectioned  fire  scars  on  old  growth  Pinus  pondevosa,   Pseudotsuga 
menziesii,   Pinus  contovta,   Lavix  oocidentalis ,   and  Pinus  dtbicaulis   in  several  habitat 
types  in  three  areas  of  the  Bitterroot  National  Forest.   He  found  that  prior  to  1900 
average  fire  frequencies  had  been  about  10  years  in  Pinus  ponderosa/   and  Pseudotsuga/ 
bunchgrass  habitat  types,  16-19  years  in  most  other  Pseudotsuga   habitat  types,  27  years 
in  lower  subalpine  Abies   lasiocavpa   habitat  types,  and  30-33  years  in  upper  subalpine 
and  timberline  habitat  types.  Many  individual  trees  and  stumps  in  Pseudotsuga 
habitat  types  at  various  locations  in  west -central  Montana  have  scars  from  10  or  more 
fires  in  a  period  of  200  or  250  years;  however,  few  fires  occurred  in  the  last  50  years. 

Gabriel  (1976)  studied  the  fire  history  of  Pinus  contovta -dominated  forests  in 
an  area  of  the  Bob  Marshall  Wilderness,  Flathead  National  Forest.   He  found  evidence 
that  fire  had  been  rather  frequent  and  that  it  burned  at  various  intensities.   Other 
fire  frequency  studies  have  been  made  by  Houston  (1973)  in  northern  Yellowstone 
National  Park  and  by  Loope  and  Gruel  1  (1973)  in  the  Jackson  Hole  area  of  northwestern 
Wyoming.   East  of  the  Continental  Divide,  in  the  vast  forests  dominated  by  Pinus 
contovta,   we  commonly  found  stands  where  many  of  the  trees  had  scars  indicating  they 
had  survived  one  to  three  ground  fires.   If  Pinus  contovta   stands  survive  more  than 
about  100  years,  they  often  become  susceptible  to  attack  and  mortality  from  mountain 
pine  beetle  (Dendvoctonus  pondevosae);    the  resulting  large  buildup  of  dry  fuels  invites 
an  intense  conflagration  (Roe  and  Amman  1970) .  Pinus  contovta   stands  showing  no 
evidence  of  having  survived  a  fire  were  in  most  cases  even-aged  and  evidently  had 
become  established  after  an  intense  forest  fire. 

Relative  coverages  and  species  composition  in  the  tree  layer  and  undergrowth  often 
change  dramatically  after  an  intense  fire.   West  of  the  Continental  Divide,  double  or 
triple  burns  have  sometimes  removed  the  conifer  seed  source.   Thus,  a  shrub-field 
stage  of  succession  (composed  of  such  species  as  Amelanchiev  alnifolia,   Salix 
scouleviana,  Acer  glabvum,   Ceanothus  velutinus ,   Pvunus   spp.,  and  Physocavpus 
malvaceus)     may  dominate  the  site  for  half  a  century  or  longer. 

Grazing  History 

In  general,  domestic  grazing  has  not  had  a  pronounced  impact  upon  the  forest 
vegetation  in  Montana.   In  northwestern  and  west-central  portions  of  the  State,  however, 
some  of  the  most  open,  low-elevation  forests  (i.e.,  Pinus  pondevosa   series  and  drier 
habitat  types  in  the  Pseudotsuga   series)  and  streamside  areas  have  been  moderately  to 
heavily  grazed  by  cattle,  horses,  or  sheep.   Hillsides  too  steep  for  cattle  have  not 
been  grazed  heavily,  due  to  the  decline  in  sheep  raising  in  the  past  20-30  years. 
Grazing  has  been  extended  into  moister  forest  types  in  some  localities,  such  as  the 
Montana- Idaho  Divide  west  of  Superior,  where  sheep  were  historically  grazed.   Also, 
clearcuts  and  other  heavily  logged  areas  are  often  used  by  cattle.   Still,  a  large 
proportion  of  the  west-side  forest  has  apparently  never  been  grazed  by  domestic  stock. 

East  of  the  Continental  Divide,  there  is  a  higher  proportion  of  dry,  open  forest 
having  bunchgrasses  and  other  palatable  forage.   Also,  the  forest  is  broken  by  exten- 
sive mountain  grasslands  suitable  for  summer  range.   Grazing  is  often  extended  up  the 
major  forested  valleys  where  streamside  vegetation  and  luxuriant  meadows  are  common. 
Although  lower  east-side  forests  are  often  moderately  to  heavily  grazed,  the  denser, 
high-elevation  forests  receive  little  use  except  as  bedding  areas  where  they  border 
subalpine  grasslands.   Sheep  grazing  of  alpine  tundra  on  the  Montana  side  of  the 
Beartooth  Plateau  was  halted  in  the  1950' s,  and  plant  recovery  has  been  noticeable. 
Large  flocks  of  sheep  continue  to  graze  the  Wyoming  portion  of  this  alpine  area. 

Logging  History 

About  half  of  the  forest  land  in  Montana  had  not  been  logged  as  of  1973.   This 
generalization  applies  to  both  sides  of  the  Continental  Divide.   However,  in  some 
historical  mining  localities  such  as  Butte  and  Helena,  extensive  forests  were  cut 
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between  about  1870  and  1920.   In  the  Highland  Mountains  south  of  Butte,  for  example, 
the  forests  were  logged  nearly  to  the  alpine  timberline. 

Early  settlement  west  of  the  Continental  Divide  brought  extensive  clearing  of 
forests  in  the  major  valleys  for  farming  and  ranching.   Heavy  cutting  was  also  associ- 
ated with  early  mining  and  railroading  activities.   Commercial  lumbering  has  long  been 
practiced  west  of  the  Divide,  and  it  has  expanded  considerably  with  the  establishment 
of  a  diversified  forest  products  industry  in  the  past  two  decades.   A  great  deal  of 
virgin  forest  land  both  east  and  west  of  the  Divide  has  been  roaded  and  logged  since 
1950,  but  several  wilderness  and  primitive  areas  have  also  been  established  and  many 
of  the  remaining  roadless  areas  are  being  studied  for  possible  inclusion  in  the  National 
Wilderness  System. 


THE  HABITAT  TYPE  CLASSIFICATION 


We  defined  a  total  of  64  forest  habitat  types  for  Montana.   Although  this  may 
seem  like  an  unusually  large  number,  the  environmental  diversity  across  the  State 
warrants  recognition  of  many  types. 

Figure  4  shows  a  generalized  elevational  distribution  of  the  various  climax  series 
encountered  in  the  Montana  Rockies,  except  for  the  Pinus  oontovta   series.   These  are 


Scrub  line-,  general  upper  limit  of  shrub-like  trees 
Abies  lasiocarpa  stunted  or  wind-deformed 
Forest  line:  general  upper  limit  of  contiguous  forest 
Lower  limits  of  Luzula  hitchcockii,  and  of  Pinus  albicaul 


as  a  major  forest  species. 

Upper  climatic  limits  of  Pseudotsuga. 


Figure  4. — Generalized  climax  zonation  of  the  coniferous  forest  series  in  Montana. 
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Figure  5. — Generalized  distribution  of  forest  trees  in  south- 
western and  south-central  Montana.     Arrows  show  the  rel- 
ative elevational  range  of  each  species;   solid  portion 
of  the  arrow  indicates  where  a  species  is  the  potential 
climax  and  dashed  portion  shows  where  it  is  serai. 


discussed  in  approximately  the  order  shown  here,  going  from  dry,  warm  (lower  elevation) 
sites  to  increasingly  colder  and  more  moist  conditions. 

These  series  do  not  all  occur  in  all  parts  of  the  Montana  Rockies.   For  instance, 
in  much  of  southwestern  and  south-central  Montana,  the  Pinus  ponderosa,  Abies  grandis , 
Thuja  plicata*   and  Tsuga  heterophylla   series  are  absent.   The  distribution  of  individual 
tree  species  and  the  climax  series  relationships  for  that  area  are  shown  in  figure  5. 

The  greatest  number  of  climax  series  is  found  in  certain  parts  of  northwestern 
Montana.   Figure  6  shows  a  composite  distribution  of  the  most  diverse  zonation  found 
in  that  area. 

The  total  classification  is  listed  in  table  1  for  convenient  reference.   Scientific 
names,  abbreviated  names,  and  common  names  are  listed  in  the  habitat  type  writeups, 
table  1,  and  the  checklist,  appendix  F.   Common  names  are  not  used  in  the  text  because' 
they  vary  from  place  to  place  and  could  lead  to  confusion.   With  the  need  for  frequent 
references  to  habitat  type  names  in  the  text,  some  form  of  abbreviation  seemed  desirable. 
We  have  used  a  four-letter  abbreviation  consisting  of  the  first  two  letters  of  the  genus 
name  and  the  first  two  letters  of  the  species  name.   Although  these  abbreviations  may 
be  unfamiliar  initially,  we  have  found  them  to  be  readily  accepted  by  professional  for- 
esters and  biologists  as  a  substitute  for  common  names. 
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ne  tundra 


PICEA  SERIES 
PSEUDOTSUGA  MENZIES 1 1  SERIES 


PINUS  PONDEROSA  SERIES 


grassland 


Figure  6. — Distribution  of  forest  trees  in  an  area  of  northwestern  Montana.     Arrows 
show  the  relative  elevational  range  of  eaoh  species;   solid  portion  of  the  arrow 
indicates  where  a  species  is  the  potential  climax  and  dashed  portion  shows  where 
it  is  serai. 


The  classification  is  presented  in  the  following  order: 

1.  Key  to  the  habitat  types   (fig.    7). — The  first  step  in  correct  identification  of 
the  habitat  type  is  becoming  familiar  with  the  instructions  for  use  of  the  key.   Next 
comes  identification  of  the  potential  climax  series,  followed  by  identification  of  the 
habitat  type  and  then  the  phase. 

2.  Series  description. — Many  habitat  type  characteristics  are  summarized  at  the 
series  level,  rather  than  repeating  general  similarities  in  vegetation  and  habitat 
characteristics  in  the  habitat  type  descriptions. 

3.  Habitat  type  description. --This   information  summarizes  geographic  range,  vegeta- 
tion, phases,  and  general  management  implications. 

Pinus  flexilis  Series 

Distribution. --In   Montana  Pinus  flexilis   distribution  is  related  to  the  continental 
climatic  regime;  thus  the  species  seldom  occurs  very  far  west  of  the  Continental  Divide. 
The  Pinus  flexilis   series  is  found  on  some  of  the  driest  sites  capable  of  supporting 
trees. 


Figure  7.  —  Key  to  climax  series,  habitat  types,  and  phases. 


READ  THESE  INSTRUCTIONS  FIRST! 

1.  Use  this  key  for  stands  with  a  mature  tree  canopy 
that  are  not  severely  disturbed  by  grazing,  logging, 
forest  fire,  etc.   (If  the  stand  is  severely  disturbed 
or  in  an  early  successional  stage,  the  habitat  type 
can  best  be  determined  by  extrapolating  from  the  near- 
est mature  stand  occupying  a  similar  site.) 

2.  Accurately  identify  and  record  canopy  coverages  for 
all  indicator  species  (appendix  F) . 

3.  Check  plot  data  in  the  field  to 
verify  that  the  plot  is  representa- 
tive of  the  stand  as  a  whole.   If 
not,  take  another  plot. 

4.  Identify  the  correct  potential 
climax  tree  species  in  the  SERIES 
key.   (Generally,  a  tree  species 
is  considered  reproducing  suc- 
cessfully if  10  or  more  individ- 
uals per  acre  occupy  or  will 
occupy  the  site.) 

5.  Within  the  appropriate  series, 
key  to  HABITAT  TYPE  by  following 
the  key  literally.   Determine 
PHASE  by  matching  the  stand  con- 
ditions with  the  phase  descrip- 
tions for  the  type.   (The  first  Coverage  Class 


phase  description  that  fits  the  stand  is  the  correct 
one. ) 

6.  Use  the  definitions  diagramed  below  for  canopy  cover- 
age terms  in  the  key.   If  you  have  difficulty  decid- 
ing between  types,  refer  to  constancy  and  coverage 
data  (appendix  C-l)  and  the  habitat  type  descriptions. 

7.  In  stands  where  undergrowth  is  obviously  depauperate 
(unusually  sparse)  because  of  dense  shading  or  duff 
accumulations,  adjust  the  above  definitions  to  the 
next  lower  coverage  class  (e.g.,  well  represented  >\%, 
common  >0%) . 

8.  Remember,  the  key  is  NOT  the  classification!  Validate 
the  determination  made  using  the  key  by  checking  the 
written  description. 


Percent 
Canopy  Coverage 


KEY  TO  CLIMAX  SERIES 

(DO  NOT  PROCEED  UNTIL  YOU  HAVE  READ  THE  INSTRUCTIONS!) 

1.   Habitats  on  steep  slopes  (30°)composed  primarily  of  unstable 

fine  rock;  undergrowth  sparse,  poorly  developed  and  quite  variable.  .  .  .  SCRF.E  (p.  121) 

1.   Habitats  on  sites  with  some  soil  development  and  stability; 

undergrowth  rather  well  developed  and  somewhat  uniform 2 

2-   Tsuga  heterophylla  present  and  reproducing  successfully  TSUGA  HETEROPHYLLA  SERIES  (item  G) 

2.   Tsuga  heterophylla  not  the  indicated  climax  3 

3.   Thuja  plicata  present  and  reproducing  successfully THUJA  PLICATA  SERIES  (item  F) 

3.   Thuja  pi  icata  not  the  indicated  climax 4 

**■   Abies  grandis  present  and  reproducing  more  successfully  than 

Abies  Tasiocarpa ABIES  GRANDIS  SERIES  (item  E) 

^  •   Abies  grandis  not  the  indicated  climax S 

S.   Abies  lasiocarpa,  Tsuga  mertensiana,  or  Larix  lyallii  present  and 

reproducing  successfully,  or  Pinus  albicaulis  the  dominant  tree  ABIES  LASIOCARPA  SERIES  (item  I) 

5.   Not  as  above 6 

6.   Picea  present  and  reproducing  successfully PICEA  SERIES  (item  D) 

6.   Picea  not  the  indicated  climax 7 

7.   Pinus  f lexil is  a  successfully  reproducing  dominant;  often  sharing  that 

status  with  Pseudotsuga  PINUS  FLEXILIS  SERIES  (item  A) 

7.   Pinus  flexilis  absent  or  clearly  serai 8 

8.   Pseudotsuga  menziesii  present  and  reproducing  successfully PSEUDOTSUGA  MENZIESII  SERIES  {item  C) 

8.   Pseudotsuga  menziesi i  not  the  indicated  climax. 9 

9.   Pure  Pinus  contorta  stands,  with  little  evidence  as  to  potential 

climax PINUS  CONTORTA  SERIES  (item  H) 

9.   Pinus  contorta  absent;  Pinus  ponderosa  the  indicated  climax  PINUS  PONDEROSA  SERIES  (item  B) 


A.   Key  to  Pinus  flexilis  Habitat  Types 


1.   Festuca  idahoensis  well  represented  or  F.  scabrella  common PINUS  FLEXILIS/FESTUCA  IDAHOENSIS  h.t.  (p.  2S) 

a-   Festuca  scabrella  common FESTUCA  SCABRELLA  phase 

b.   F.  scabrella  scarce  FESTUCA  IDAHOENSIS  phase 

1.   F.  idahoensis  poorly  represented  and  F_.  scabrel  la  scarce 2 

2.   Agropyron  spicatum  well  represented  PINUS  FLEXI LIS/ACROPYRON  SPICATUM  h.t.  (p.  24) 

2.   A.  spicatum  poorly  represented;  Juniperus  commun i s 

(°r  J.  horizontals)  well  represented PINUS  FLEXILIS/JUNIPERUS  COMMUNIS  h.t.  (p.  26) 
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B.   Key  to  Pinus  ponderosa  Habitat  Types 

1.   Prunus  virginiana  well  represented;  only  in  southeastern  Montana  PINUS  PONDEROSA  PRUNUS  VIRGINIANA  h . t 

a.   Shcphcrdia  canadensis  wc  II  ill  '.  I  \NADI 

Shcphcrdia  poorly  represented   

L.   P.  vi rginiana  poorly  represented  .2 

I PINUS  PONDI  I  ICARPOS  ALBUS  h.t.(p.  33) 

a.  Berber! s  rcpens  common  BERBERIS  REPENS  phase 

b.  Bcrberis  scarce  SYMPHOR ICARPOS  ALBUS  phase 

^.  albus  poorly  represented   ...         3 

3.   Purshia  tridentata  ■■  nted PINUS  PONDEROSA/PURSHIA  TRIDENTATA  h. t . (p. 

a.  Fcstuca  idahoensis  well  '  or  F.  scabrel  la  common  .  .         FESTUCA  IDAHOENSIS  phase 

b.  F.  idahoensis  poorly  represented  and  F.  scabrel la  scarce  .  .  .         ACROPYRON  SPICATUM 
3.   Purshia  poorly  represented  4 

■1.   Fcstuca  idahoensis  well  represented  or  F.  scabrel la  common  PINUS  PONDEROSA/ FCSTUCA  IDAHOENSIS  h.t.(p.  31) 

a.  Fcstuca  scabrel  la  common ICA  SCABRF.LLA  phase 

b.  F.  scabrel la  scarce   FESTUCA  IDAHOENSIS  phase 

4.   F.  idahoensis  poorly  represented  and  F.  scabrel la  scarce  5 

5.   Agropyron  spicatum  well  represented   PINUS  PONDEROSA/AGROPYRON  SPICATUM  h . t . (p.  30) 

S.   A.  spicatum  poorly  represented;  Andropogon  spp.  well  represented  PINUS  PONDEROSA/ ANDROPOOON  h.t.(p.  30) 


r      I'seudotsuga  menziesi  i  Habitat  Types 

■  mum  caespitosum  present PSEUDOTSUCA  MENZIESI I/VACCINIUM  CAESPITOSUM  h . t . (p.  39) 

I.  V.  caespi  tosum  absent 2 

2.    Physocarpus  malvaccus  or  llolodiscus  discolor  well  represented   .  .    PSEUPOTSM'  i  'PHYSOCARPUS  MALVACEUS  h . t . (p.  41) 

—    a.  Calamagrostis  rubescens  and/or  Carcx  gcyeri  "e  the 

dominant  undergrowth   T  CALAMAGROSTIS  RUBESCENS  phase 

b.  Physocarpus  and/or  Holodiscus  dominate  the  undergrowth PHYSOCARPUS  MALVACEUS  phase 

2.    Physocarpus  and  Holodiscus  poorly  represented   3 

5.  Linnaea  boreal  is  common PSEUDOTSUGA  MENZIESI I/LINNAEA  B0REAL1S  h.t.(p.  44) 

a.  Symphoricarpos  albus  well  represented  SYMPHOR ICARPOS  ALBUS  phase 

b.  Vaccinium  globulare  well  represented   VACCINIUM  GLOBULARE  phase 

c.  Not  as  above .      CALAMAGROSTIS  RUBESCENS  phase 

3.  Linnaea  scarce   ' 

4.  Vaccinium  globulare  or  Xerophyllum  tenax  well  represented   ....    PSEUDOTSUGA  MENZIESI I/VACCINIUM  GLOBULARE  h. t . (p.  43) 

a.  Arctostaphylos  uva-ursi  and  Pinus  ponderosa  common   ARCTOSTAPHYLOS  UVA-URSI  phase 

b.  Xerophyllum  common   XEROPHYLLUM  TENAX  phase 

c.  Not  as'  above VACCINIUM  GLOBULARE  phase 

I.  Vaccinium  globulare  and  Xerophyllum  tenax  poorly  represented  ...    5 

5.  Symphoricarpos  albus  well  represented  PSEUDOTSUCA  MENZIESI 1/SYMPH0RICARP0S  ALBUS  h. t . (p.  45) 

a.  Bunchgrasscs  well  represented  in  old-growth  stands   AGROPYRON  SPICATUM  phase 

b.  Calamagrostis  rubescens  well  represented   CALAMAGROSTIS  RUBESCENS  phase 

c.  Not  as  above SYMPHORICARPOS  ALBUS  phase 

5.  S.  albus  poorly  represented  6 

6.  Calamagrostis  rubescens  well  represented  PSEUDOTSUGA  MENZIESI I /CALAMAGROSTIS  RUBESCENS  h.t.(p.  47) 

a.  Bunchgrasses  well  represented  in  old-growth  stands   AGROPYRON  SPICATUM  phase 

b.  Arctostaphylos  uva-ursi  common;  sites  capable  of 
supporting  Pinus  ponderosa  and  not  too  dry  for 

Pinus  contorta  (or  Larix  occidentalis)   ARCTOSTAPHYLOS  UVA-URSI  phase 

c.  Pinus  ponderosa  common   PINUS  PONDEROSA  phase 

d.  Not  as  above T CALAMAGROSTIS  RUBESCENS  phase 

6.  C.  rubescens  poorly  represented ~> 

7.  Carcx  geyeri  well  represented  PSEUDOTSUGA  MENZIESI I /CAREX  GEYERI  h.t.fp.  SI) 

7.  C.  geyeri  poorly  represented   8 

rctostaphylos  uva-ursi  well  represented  and  Pinus  ponderosa 

present   .'  .    .  .  . ~~ ~ PSEUDOTSUGA  MENZ I  IS  I  I /ARCTOSTAPHYLOS  UVA-URSI  h.t.(p.  52) 

8.  Arctostaphylos  poorly  repp  rands  above  elevational 

limits  of  Pinus  ponderosa  9 

9.  Juniperus  communis  (or  J.  horizontal  is)  dominates  the  undergrowth  .  .    PSEUDOTSUGA  MINZI  I.SI I/JUNIPERUS  COMMUNIS  h.t.(p.  53) 
9.  J.  communis  not  the  dominant  undergrowth  plant   10 

10.  Spiraea  betulifolia  well  represented  PSEUDOTSUGA  MENZIESI I/SPIRAEA  BETULIFOLIA  h.t.(p.  52) 

10.  S.  betuli  folia  poorly  represented 11 

II.  Arnica  cordifolia  or  Antennaria  racemosa  the  dominant  undergrowth  .  .    PSEUDOTSUGA  MENZIESI I/ARNICA  CORDIFOLIA  h.t.(p.  54) 
11.' A.  cordi  folia  and  A.  racemosa  not  the  dominant  undergrowth 12 

12.  Festuca  scabrel la  common  PSEUDOTSUCA  MENZIESI 1/FESTUCA  SCABRELLA  h.t.(p.  38) 

12.  F_.  scabrel  la  scarce 13 

13.  Symphoricarpos  oreophilus  well  represented  and  Fcstuca  idahoensis 

scarce .    PSEUDOTSUGA  MENZIESI 1 /SYMPHOR ICARPOS  OREOPHILUS  h.t.(p.  55) 

13.  Not  as  aoove 14 

II.  Festuca  idahoensis  common;  Pinus  ponderosa  scarce   PSEUDOTSUGA  MENZIESI I/FESTUCA  IDAHOENSIS  h . t . (p.  38) 

14.  F.  "idahocnsis'usual  ly  scarce;  Agropyron  spicatum  well 

represented;  Pinus  ponderosa  usually  common PSEUDOTSUGA  MENZ I  ESI  I /AGROPYRON  SPICATUM  h.t.tp.  37) 
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D.   Key  to  Picea  Habitat  Types 

1.  Equisetum  spp.  abundant P1CEA/EQUISETUM  ARVENSF.  h.t.fp.  58) 

Equisetum  spp.  not  abundant 2 

2.  Clintonia  uni  flora,  Cornus  canadensis,  or  Aralia  nudicaulis 

present  (sites  in  northwestern  Montana) PICEA/CLINTONIA  UNIFLORA  h.t.(p.  59) 

a.  Vaccinium  caespitosum  present   VACC1NIUM  CAESPITOSUM  phase 

b.  V.  caespitosum  absent   CLINTONIA  UNIFLORA  phase 

2.  Not  as  above 3 

3.  Physocarpus  malvaceus  well  represented   PICEA/PHYSOCARPIIS  MALVACEUS  h.t.(p.  ftl) 

3.  Physocarpus  poorly  represented   4 

4.  Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Streptopus  amplexi folius ,  Actaea  rubra  PICEA/CALIUM  TRIFLORUM  h.t.(p.  62) 

4.  Not  as  above 5 

5.  Vaccinium  caespitosum  present  PICEA/VACCINIUM  CAESPITOSUM  h.t.(p.  62) 

5.  V.  caespitosum  absent  6 

6.  Linnaea  borealis  common   PICEA/LINNAEA  BOREALIS  h.t.fp.  64) 

6.  Linnaea  scarce  7 

7.  Smilacina  stellata  or  Thalictrum  occidentale  present   PICEA/SMI LAC1NA  STELLATA  h.t.fp.  65) 

7.  Not  as  above;  Senecio  st reptanthifolius  present;  undergrowth 

depauperate  PICEA/SENECIO  STREPTANTHIFOLIUS  h.t.(p.  63) 

a.  Pseudotsuga  menziesii  common  PSEUDOTSUCA  MENZIESII  phase 

b.  Pseudotsuga  scarce  (stands  above  its  elevational  limits)  ....   PICEA  phase 

E.   Key  to  Abies  grandis  Habitat  Types 

1.  Clintonia  uniflora  present  ABIES  GRANDIS/CLINTONIA  UNIFLORA  h.t.fp.  67) 

a.  Aralia  nudicaul  is  ,  Gymnocarpi  urn  dryoptens  ,  or 

Athyrium  filix-femina  common   ARALIA  NUDICAULIS  phase 

b.  Xerophyllum  tenax  well  represented   XEROPHYLLUM  TENAX  phase 

c.  Not  as  above CLINTONIA  UNIFLORA  phase 

1 .  Clintonia  absent  2 

2.  Linnaea  borealis  common ABIES  GRANDIS/LINNAEA  BOREALIS  h.t.fp.  69) 

a.  Xerophyllum  tenax  well  represented   XEROPHYLLUM  TENAX  phase 

b.  Xerophyllum  poorly  represented   LINNAEA  BOREALIS  phase 

2.  Linnaea  scarce;  Xerophyllum  common   ABIES  GRANDIS/XEROPHYLLUM  TENAX  h.t.(p.  69) 

F.  E,  G.   Key  to  Thuja  and  Tsuga  heterophyl  la  Habitat  Types 

1.  Oplopanax  horridum  well  represented   THUJA  PLICATA/OPLOPANAX  HORRIDUM  h.t.fp.  731 

1.  Oplopanax  poorly  represented  2 

2.  Tsuga  heterophyl la  present  and  reproducing  successfully  ....   TSUGA  HETEROPHYLLA/CLINTONIA  UNIFLORA  h.t.fp.  74) 

a.  Aralia  nudicaul is ,  Gymnocarpium  dryopteris ,  or 

Athyrium  fi 1 ix- femina  common   ARALIA  NUDICAULIS  phase 

b.  Not  as  above CLINTONIA  UNIFLORA  phase 

2.  Tsuga  heterophylla  absent  or  not  reproducing  successfully  .  .  .   THUJA  PLICATA/CLINTONIA  UNIFLORA  h.t.fp.  71) 

a.  Aralia  nudicaul is ,  Gymnocarpium  dryopteris ,  or 

Athyrium  filix- femina  common   ARALIA  NUDICAULIS  phase 

b.  Menziesia  ferruginea  common  MENZIESIA  FERRUGINEA  phase 

c.  Not  as  above CLINTONIA  UNIFLORA  phase 

H.   Key  for  Pinus  contorta  Communities 

1.  Clintonia  uniflora  present  ABIES  LASIOCARPA/CLINTONIA  UNIFLORA  h.t.fp.  82) 

1.  Clintonia  absent  2 

2.  Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Actaea  rubra,  Streptopus  amplexi folius   ABIES  LASIOCARPA/GALIUM  TRIFLORUM  h . t . (p.  86) 

2.  Not  as  above 3 

3.  Calamagrostis  canadensis  well  represented   ABIES  LASIOCARPA/CALAMACROSTIS  CANADENSIS  h.t.fp.  8 

3.  C.  canadensis  poorly  represented  4 

4.  Vaccinium  caespitosum  present  PINUS  CONTORTA/VACCINIUM  CAESPITOSUM  comm.  typefp. 

4.  V.  caespitosum  absent 5 

5.  Linnaea  borealis  common   PINUS  CONTORTA/LINNAEA  BOREALIS  comm.  typefp.  119) 

5.  Linnaea  scarce  6 

6.  Xerophyllum  tenax  common   ABIES  LASIOCARPA/XEROPHYLLUM  TENAX  h.t.fp.  94) 

6.  Xerophyl lum  scarce   7 

7.  Vaccinium  globulare  well  represented  ABIES  LASIOCARPA/VACCINIUM  GLOBULARE  h.t.fp.  97) 

7.  V.  globulare  poorly  represented  8 

8.  Vaccinium  scoparium  well  represented   PINUS  CONTORTA/VACCINIUM  SCOPARIUM  comm.  typefp.  11 

8.  V.  scoparium  poorly  represented  9 

9.  Calamagrostis  rubescens  well  represented  PINUS  CONTORTA/CALAMAGROSTIS  RUBESCENS  comm.  typefp 

9.  C.  rubescens  poorly  represented - 10 

10.  Carex  geyeri  well  represented   ABIES  LASIOCARPA/CAREX  GEYERI  h.t.fp.  105) 

10.  C_.  geyeri  poorly  represented 11 

11.  Jumperus  communis  (or  J.  horizontalis)  the  major  undergrowth   .  .    PSEUDOTSUGA  MENZIESI I/JUNI PERUS  COMMUNIS  h.t.fp.  S1 
11.  Not  as  above;  Purshia  tridentata  present  PINUS  CONTORTA/PURSHIA  TRIDENTATA  h.t.fp.  117) 


118) 
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Alnus  sinuata  well  represented 
A.  sinuata  poorly  represented 
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represented  

a   Calamagrostis  rubescens  common  and 

Arctostaphylos  uva-urs,  or  Berberis  reruns.  CALAMAGROSTIS  RUBESCENS  phase 

present  

b   Thalictrum  occidentale  common  or 

Viola  orbiculata  or  Valeriana  sitchensis  THALICTRUM  OCCIDENTALE  phase 

present VACCINIUM  SCOPARIUM  phase 

c.  Not  as  above - ' 

13.   v.  scopanum  poorly  represented 

14   Clematis  pseudoalpina  (including  C.  tenuiloba)  present 

6r  Pinus  flcxilis  common.   (Sites  usually  on  calcareous  ^^  LASIOCARPA/CLEMATIS  PSEUDOALPINA  h.t.  (p.  102) 
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ABIES  LASIOCARPA/CAREX  GEYERI  h.t 
.  .  .  PSEUDOTSUGA  MENZIESII  phase 


Carex  geyeri  well  represented  under  well-developed  forest 

.'  '  *   '  ' 

a.  Pscudotsuga  well  represented;  Carex  geyeri 
sharing  dominance  in  the  undergrowth  with 
forbs  such  as  Thalictrum 
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Calamagrostis  canadensis,  Senecio  triangularis,  or  LAS10CARPA/CALAHAGR0STIS  CANADENSIS  h.t. (p. 

Ledum  glandulosum  well  represented  

C.  canadensis,  S.  triangularis,  and  Ledum 
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Figure  8. — Pinus  f lexilis/Festuca  idahoensis  h.t.      (¥ .    scabrella  phase)  at  the  western 
edge  of  the  Great  Plains,   northwest  of  Choteau  in  central  Montana    (5,900  feet  elev.). 
Trees  are  a  mixture  of   Pinus  flexilis  and  stunted   Pseudotsuga. 


Pinus  flexilis   dominates  stands  that  extend  eastward  from  the  foothills  into  the 
adjacent  Great  Plains  (fig.  8).   Low  tree  height  (about  20  feet)  and  the  topographic 
position  of  such  stands  below  the  forest  proper  is  suggestive  of  the  "coniferous  wood- 
land" or  pinyon- juniper  zone  of  the  southwestern  United  States. 

Pinus  flexilis   stands  are  also  found  on  steep,  dry,  rocky  mountain  slopes  at 
lower  to  midelevations  (fig.  9).   Adjacent  drier  sites  are  grassland,  while  cooler,  more 
moist  exposures  often  support  the  Pseudotsuga   series.   In  this  situation  the  Pinus 
flexilis   series  generally  represents  a  topographic  or  edaphic  climax. 

Vegetation. --Pinus  flexilis   is  either  the  only  tree  species  present  or  it  is 
codominant  with  Pseudotsuga   and  reproducing  successfully  with  no  indication  of  being 
replaced  at  climax.  Agropyron  spicatwn   dominates  the  undergrowth  in  stands  at  lower 
elevations  on  dry,  rocky  sites.   With  increasing  moisture,  Pseudotsuga   becomes  codomi- 
nant with  Pinus  flexilis,   and  undergrowth  is  dominated  by  Festuaa  idahoensis   or 
F.   scabrella.      At  the  highest  elevations  occupied  by  this  series,  bunchgrasses  give 
way  to  undergrowth  dominated  by  Juniperus  communis,   J.    horizontalis ,  and  dry-site  forbs. 

Soil/Climate. — Sites  are  generally  rocky  with  intermittent  shallow  duff  accumula- 
tion (appendix  D-l).   Surface  soils  are  shallow  gravelly  loams  to  gravelly  silts, 
nearly  neutral,  and  generally  derived  from  limestone  or  other  calcareous  parent 
materials.   Surface  horizons  are  typically  dark-colored,  reflecting  the  strong  influ- 
ence of  grasses  and  forbs  on  soil  development. 
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Figure  9. — Pinus  f lexilis/Juniperus  communis  h.t.    high  on  a  southwest  exposure    (7,650 
feet  elev.   near  Red  Lodge  in  south-central  Montana.      Pseudotsuga  is  subordinate  to 
Pinus  flexilis;  the  substrate  is  calcareous. 


Weather  stations  at  Townsend  and  Black  Leaf  apparently  have  a  climate  typical  of 
the  Pinus  flexilis   series.   Some  climatic  parameters  for  these  stations  are  shown  in 
appendix  D-2. 

Productivity /Management. — Timber  productivity  is  very  low  (appendix  E-4)  in  the  se- 
vere environments  of  this  series.   Site  indexes  of  both  Pinus  flexilis   and  Pseudotsuga 
menziesii   are  very  low,  and  stockability  limitations  are  reflected  by  low  basal  areas  in 
natural  stands  (appendix  E-l)  .  Old  growth  trees  rarely  reach  50  feet  height  (appendix  F.-2) 

The  forage  value  of  the  undergrowth  for  domestic  stock  or  wildlife  varies  among 
the  habitat  types.  The  overstory  may  provide  important  escape  cover  for  wildlife, 
especially  on  sites  adjacent  to  grasslands. 

Hnus  flexilis   seeds  are  large,  and  constitute  an  important  food  source  for  cer- 
tain bird  and  rodent  species. 

Other  studies .  - -Other  Pinus  flexilis   habitats  have  been  described  southward  in  the 
Rocky  Mountains:  in  Utah  by  Ellison  (1954),  Pfister  (1972a),  and  Ream  (1964);  in  Wyoming 
by  Reed  (1969),  Despain  (1973),  and  Wirsing  (1973);  and  in  central  Idaho  by  Robert 
Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station). 

Pinus  flexilis /Agropyron  spicatum   h.t. 
(PIFL/AGSP;    limber  pine/bluebunch  wheatgrass) 

Distribution. --The  PIFL/AGSP   h.t.  is  widely  distributed  east  of  the  Continental 
Divide  on  dry,  rocky  sites  adjacent  to  or  within  the  grassland  zone.   Elevations  of  our 
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sample  stands  ranged  from  4,400  feet  on  the  Helena  to  6,600  feet  on  the  Beaverhead 
National  Forest  (appendix  A) . 

Vegetation. --Pinus  flexilis   is  the  dominant  climax  tree,  often  with  Juniperus 
scopulorum   as  a  major  climax  associate.  Pseudotsuga   is  occasionally  present  in  minor 
amounts.   In  a  few  areas,  Pinus  ponderosa   is  a  climax  associate. 

Dry-site  forbs  and  graminoids  (grasses,  Carex ,  Juncus ,  and  other  grasslike  plants) 
of  the  contiguous  grasslands  accompany  Agropyron  spicatwn   in  the  undergrowth.   These 
include  Hesperochloa  kingii,    Ovyzopsis  hymenoides,    Koeleria  cristata,    Bouteloua  gracilis, 
Yucca  glauca,    and  species  of  Opuntia,    Phlox,    Draba,    Hymenoxys,  Hymenopappus ,  and  Liatris. 

Soil.  --Vie   found  this  type  only  on  sedimentary  parent  materials,  primarily  lime- 
stone and  sandstone  (appendix  D-l).   The  average  pH  was  high  (7.1),  reflecting  the 
calcareous  parent  materials.   Ground  surfaces  had  averages  of  18  percent  exposed  rock 
and  25  percent  bare  soil.   Duff  accumulation  averaged  only  1  cm  on  the  remaining  area. 

Fire   history. --Wildfires  are  apparently  of  low  intensity  because  of  sparse  vegeta- 
tion and  rocky,  broken  terrain. 

Productivity /Management . --Although  these  sites  are  often  adjacent  to  heavily-grazed 
grasslands,  domestic  livestock  do  not  use  the  PIFL/AGSP   h.t.  heavily.   Low  forage  pro- 
duction and  steep  slopes  limit  potential  for  domestic  grazing. 

Elk  sign  was  not  observed  on  any  of  our  plots.   Mule  deer  use  was  light. 

Timber  productivity  is  very  low  (appendix  E-4) .   Maximum  heights  of  old-growth 
Pinus  flexilis   are  only  30  to  35  feet.   Basal  areas  are  also  very  low  (appendix  E) . 

Other  studies . --PIFL/AGSP   stands  in  south-central  and  southeastern  Montana  on  the 
Beaverhead  and  Custer  National  Forests  often  contain  Hesperochloa  kingii .      These  stands 
appear  to  be  related  to  part  of  the  Pinus  flexilis / Hesperochloa  kingii   h.t.  described 
for  the  Medicine  Bow  Mountains  of  Wyoming  (Wirsing  1973) . 

Pinus  flexilis /Festuca  idahoensis   h.t. 
{PIFL/FEID;    limber  pine/ Idaho  fescue) 

Distribution. --The  PIFL/FEID   h.t.  is  found  east  of  the  Continental  Divide  on  dry, 
wind-exposed  slopes;  in  some  localities  it  covers  substantial  acreages.   Elevations  of 
sample  plots  ranged  from  4,800  feet  at  the  base  of  the  Front  Range  west  of  Choteau  to 
8,200  feet  on  the  Beaverhead  National  Forest. 

Vegetation. --Pinus  flexilis   is  a  successfully  reproducing  dominant  in  old-growth 
stands,  often  sharing  climax  status  with  Pseudotsuga.      Juniperus  scopulorum   is  a  minor 
component  of  some  stands. 

The  undergrowth  is  dominated  by  bunchgrasses,  primarily  Festuca  idahoensis , 
F.   scabrella,    and  Agropyron  spicatum.     Associated  species  include  Geum  triflorum, 
Allium  cernuum,  Artemisia  frigida,  Achillea  millefolium,   Lithospermum  ruderale ,  Koeleria 
cristata,   and  Balsamorhiza  sagittata.      Forb  and  bunchgrass  coverages  are  much  higher 
here  than  in  the  PIFL/AGSP   h.t.  (appendix  C-l) .   Occasionally  Juniperus  communis 
is  well  represented  in  stands  on  sites  transitional  toward  the  PIFL/JUCO   h.t. 

Festuca  idahoensis    (FEW)   phase. --This  widely  distributed  phase  denotes  the 
portion  of  the  h.t.  where  Festuca  scabrella   is  scarce. 
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Festuca  scabrella   (FESC)   phase. --This  phase  is  found  exclusively  in  central 
Montana  (fig.  1).   Locally  it  is  extensive,  especially  on  the  east  slope  of  the 
Rockies  in  the  vicinity  of  Choteau  and  in  the  foothills  on  the  east  side  of  the  Big 
Belt  Mountains  north  of  White  Sulphur  Springs.  Festuca  scabrella   is  common,  and 
codominates  with  F.   idahoensis .     Average  canopy  coverage  for  bunchgrasses  is  notably 
higher  (47  percent)  than  in  the  FEW   phase  (30  percent) .   Where  the  two  phases 
occur  together,  the  Festuca  scabrella   phase  is  on  the  cooler,  less  rocky  sites. 

Soil. --More   than  one  half  the  sample  stands  were  on  calcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  slightly  basic  on  the  calcareous  substrates  and 
neutral  to  acidic  on  other  substrates.  Textures  were  gravelly,  ranging  from  sandy 
loams  to  silts.  Moderate  amounts  of  surface  rock  (12  percent)  and  bare  soil  (8  percent) 
were  exposed  in  the  FEID   phase.   Duff  was  shallow  (1  cm)  in  both  phases. 

Five  history. --Evidence  of  wildfire  was  more  conspicuous  here  than  in  the  PIFL/ 
AGSP   h.t.  However,  fires  did  not  appear  to  markedly  modify  plant  composition. 

Productivity /Management. — PIFL/FEID   h.t.  seems  to  be  capable  of  supporting  con- 
siderable use  by  domestic  stock.   However,  use  was  light  in  the  areas  we  sampled. 
Immediately  north  of  the  Montana  border,  Moss  and  Campbell  (1947)  found  that  heavy 
grazing  of  Festuca  scabrella-dominated   grasslands  resulted  in  greatly  decreasing  the 
coverage  of  that  species  while  increasing  the  coverage  of  Festuca  idahoensis. 

Pellets  and  shed  antlers  from  both  deer  and  elk  indicate  moderate  to  heavy  use  as 
winter  range.   Deer  also  appear  to  use  this  type  as  summer  range.   Overstory  density 
is  adequate  to  provide  cover  and  escape  for  big  game  without  shading  out  desirable 
forage  and  browse  species.   Where  use  by  domestic  stock  and  big  game  conflicts, 
management  priorities  need  to  be  determined. 

Pseudotsuga   is  often  a  major  dominant  on  these  sites,  but  timber  productivity  is 
very  low  (appendix  E-4) .   Average  maximum  heights  for  Pseudotsuga   and  Pinus  flexilis 
are  only  40  to  45  feet  (appendix  E-2) . 

Other  Studies. --Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  have  described  the  FEID   phase  of  PIFL/FEID   h.t.  in  east- 
central  Idaho,  and  Cooper  (1975)  found  a  minor  representation  of  similar  communities  in 
northwestern  Wyoming. 

Pinus  flexilis / 'Juniperus  communis   h.t. 
(PIFL/JUCO;    limber  pine/common  juniper) 

Distribution. — The  PIFL/JUCO   h.t.  is  widespread  in  dry  mountain  areas  east  of  the 
Continental  Divide.   It  is  common  in  the  Pryor  Mountains  and  on  the  east  slopes  of 
the  Beartooth  Mountains  near  Red  Lodge.   It  is  primarily  restricted  to  limestone  or 
other  calcareous  parent  materials  on  severe  south  to  southwest  exposures  and  ridges. 
Occasionally  it  is  found  on  north  aspects  adjacent  to  Festuca  idahoensis   grasslands. 
Elevations  of  sample  stands  were  4,600  to  6,000  feet  in  central  Montana,  increasing  to 
7,600  to  8,300  feet  in  the  south-central  portion  of  the  State. 

Vegetation.— Pinus  flexilis   is  a  successfully  reproducing  dominant  in  old-growth 
stands,  often  sharing  climax  status  with  Pseudotsuga.      Rarely,  Pinus  albicaulis   is  a 
minor  climax  associate. 

This  undergrowth  is  composed  primarily  of  dry-site  shrubs  and  forbs.  Juniperus 
mums   or  J.    horizontalis   are  well  represented  and  bunchgrasses  are  scarce.   Forbs 
commonly  found  are  Clematis  pseudoalpinas   Arnica  cordifolia,   Aster  conspicuus, 
Campanula  rotundifolia,   Galium  boreale,  Astragalus  miser,  Anemone  multifida,    and 
Eraser  a  speciosa. 
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Soil. --Soils  had  high  pH  values  (average  7.1),  reflecting  the  predominance  of 
calcareous  parent  materials  (appendix  D-l).   Bare  soil  (1  percent)  and  rock  exposure 
(6  percent)  were  less  than,  and  duff  accumulations  (3  cm)  were  greater  than  in  other 
habitat  types  in  this  series.   Textures  were  gravelly  loams  to  gravelly  clay  loams. 

Fire  history. — Old-growth  stands  sampled  showed  little  evidence  of  fire,  suggesting 
a  low  frequency  of  wildfires  in  this  habitat  type.   Overstories  are  all-aged,  with  con- 
tinual replacement  of  dead  old  growth. 

Productivity. --Timber  productivity  is  low  to  very  low  (appendix  E) .   Cattle  use 
appears  to  be  moderate.   Our  observations  also  indicate  that  mule  deer  make  substantial 
use  of  the  type  from  spring  through  fall. 

Other  studies. --The  PIFL/JUCO   h.t.  appears  to  be  similar  to  part  of  Wirsing's 
(1973)  Pinus  flexilis/ Hesperoahloa  kingii   h.t.  described  for  the  Medicine  Bow  Mountains 
of  Wyoming. 

Pinus  ponderosa  Series 

Distribution .  - -In  many  areas  of  the  Montana  Rockies,  the  first  forest  zone  above 
the  grassland  is  Pinus  ponderosa   climax.   This  species  endures  dry  environments  more 
successfully  than  other  native  conifers--except  Pinus  flexilis   and  Juniperus  scopulorum, 
which  form  zones  of  climax  vegetation  only  in  certain  local  areas  of  Montana.   Usually, 
a  belt  of  climax  Pinus  ponderosa   forest  separates  grassland  from  climax  Pseudotsuga 
forests.   When  Pinus  ponderosa   is  found  above  this  belt,  it  usually  is  either  a 
topographic  climax  on  steep  southerly  slopes  or  a  serai  component  of  stands  in  other 
climax  series  (this  relationship  is  shown  in  fig.  6).   In  the  southwestern  part  of 
the  State  (fig.  1),  Pinus  ponderosa   does  not  occur  and  the  grasslands  give  way 
directly  to  Pseudotsuga   forests.   The  valley  base  level  in  these  mountain  areas  usually 
exceeds  5,500  feet  elevation,  and  apparently  the  climate  is  too  cold  for  Pinus  ponderosa. 

Vegetation. --Pinus  ponderosa   and  Juniperus  soopulorum   are  the  only  successfully 
reproducing  trees  in  this  series.   Although  Pseudotsuga   is  found  scattered  on  rocky 
microsites,  there  is  no  indication  that  it  can  regenerate  effectively  or  that  it  will  be- 
come more  abundant  at  climax. 

Pinus  ponderosa   savannas  (grasslands  with  scattered  trees)  are  found  in  the 
eastern  part  of  Montana  and  to  a  limited  extent  in  the  mountainous  western  portions. 
However,  our  classification  includes  only  sites  potentially  capable  of  supporting  at 
least  25  percent  coverage  by  tree  canopies.   This  appears  to  be  an  acceptable  break- 
point between  "savanna"  and  "open  forest"  (Penfound  1967) . 

R.  and  J.  Daubenmire  (1968)  discussed  two  groups  of  Pinus  ponderosa   habitat  types; 
(1)  a  shrubby  group  on  deep,  heavy-textured  fertile  soils;  and  (2)  a  grassy  group  on 
stony,  coarse-textured,  or  shallow  soils  (this  includes  the  Pinus-Purshia   habitat  type 
in  which  Purshia  tridentata   is  superimposed  over  the  same  bunchgrasses) .   In  the 
mountains  of  Montana,  the  grassy  group  of  Pinus  ponderosa   habitats  predominates 
(fig.  10).   Stands  are  fairly  open  and  regeneration  is  sparse,  but  rather  well 
distributed.   In  the  eastern  part  of  central  Montana  and  in  southeastern  Montana,  both 
grassy  and  shrubby  groups  are  abundant  (fig.  11  and  12) ;  tree  reproduction  in  the 
shrubby  group  tends  to  occur  in  dense  patches. 

In  contrast,  in  northern  Idaho  and  adjacent  Washington,  R.  and  J.  Daubenmire  (1968) 
described  dense  patches  of  reproduction  in  the  grassy  group,  and  sparse,  scattered 
reproduction  in  the  shrubby  group.   Interestingly,  most  of  the  Daubenmires'  grassy 
stands  were  on  gentle  terrain,  while  the  shrubby  stands  were  on  steeper  slopes.   Our 
west-side  Montana  stands  (grassy)  were  on  steep  terrain,  and  our  east-side  shrubby 
stands  were  on  gentler  terrain.   The  few  grassy  stands  we  observed  on  level  ground 
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Figure   10. — Pinus  ponderosa/ 
Agropyron  spicatum  h.t.    on 
a  steep  southwest  exposure 
(23750  feet  elev.)   near 
Ravalli  in  northwestern 
Montana. 
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Figure   11. — Pinus  ponderosa/ 
Festuca  idahoensis  h.t.    (F . 
idahoensis  phase)   on  gentle 
terrain   (4,300  feet  elev.) 
east  of  Ashland  in  south- 
eastern Montana. 


Figure   12. — Pinus  ponderosa/ 
Prunus  virginiana  h.t.    (V . 
virginiana  phase)   on  a 
moderate  north  slope   (43000 
feet  elev.)   east  of  Ashland 
in  southeastern  Montana. 
The   Prunus  has  been  browsed 
back  by  deer. 
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in  western  Montana  had  dense,  patchy  reproduction.   Thus  it  appears  that  topography 
may  influence  natural  seedbed  preparation  and  hence  regeneration. 

The  shrubby  group  is  poorly  developed  in  the  Montana  Rockies.   If  a  dense  shrubby 
layer  occurs  beneath  an  overstory  of  Pinus  ponderosa,    Pseudotsuga   is  usually  regen- 
erating and  is  the  indicated  climax. 

Substantial  genetic  differences  appear  to  exist  between  west-  and  east-side  popu- 
lations of  Pinus  ponderosa.      A  manifestation  of  this  is  the  high  frequency  of  trees 
having  mostly  two  needles  per  fascicle  in  the  eastern  part  of  central  Montana  and  in 
southeastern  Montana.   A  much  smaller  proportion  of  trees  bearing  two-needle  fascicles 
occurred  in  sample  plots  near  Helena,  and  few  if  any  were  found  in  Pinus  ponderosa   west 
of  the  Divide.   Height  growth  differential  also  suggests  east-west  genetic  differences 
in  this  species;  trees  in  eastern  Montana  may  grow  as  rapidly  as  their  west-side 
counterparts,  but  they  reach  their  maximum  height  at  an  earlier  age  (appendix  F.-2)  . 

East  of  the  Continental  Divide  Rhus   trilobata   is  commonly  encountered  throughout 
the  Pinus  ponderosa   series.   In  central  and  southeastern  Montana,  the  grassy  group  of 
Pinus  ponderosa   habitat  types  includes  several  additional  species.  Yuoca  glauca,   and 
Opuntia   spp.,  Carex  pensylvanioa,   Bouteloua   spp.,  and  Andropogon   spp.  are  found  on  some 
of  the  driest  sites. 

Soil . --Soils  are  variable  throughout  this  series.   The  surface  horizons  are 
gravelly  in  all  types  except  the  Berberis  repens   phase  of  the  PIPO/SYAL   h.t.   Less 
surface  rock  and  bare  soil  are  exposed  in  the  shrubby  group  of  habitat  types,  but  this 
may  be  attributable  to  heavier  duff  accumulation  and  more  undergrowth  rather  than 
inherent  site  characteristics. 

Fire  history . --Before  the  advent  of  modern  fire  suppression,  ground  fires  were 
frequent  in  most  Pinus  ponderosa   habitat  types,  but  had  little  effect  upon  vegetative 
composition.   Of  the  major  undergrowth  species,  only  Purshia  tridentata   is  likely  to 
be  killed  by  fire,  and  it  reinvades  burned  areas  quickly  (R.  and  J.  Daubenmire  1968). 
In  the  tree  layer,  only  saplings  and  smaller  poles  are  normally  killed  by  most  fires 
in  these  habitat  types. 

Productivity /Management . --Timber  productivity  ranges  from  very  low  to  moderate 
within  the  series  (appendix  E) .   The  grassy  habitat  types  (including  PIPO/PUTR) 
support  open  forests  with  stockability  limitations  and  slow  growth  rates.   The 
bunchgrass-dominated  undergrowth  has  above-average  forage  potential  for  livestock  or 
big-game  winter  range,  depending  on  location  within  a  particular  landscape. 

The  shrubby  habitat  types  support  closed-canopy  forests  with  a  higher  productivity 
potential  (appendix  E) .   Forage  production  for  domestic  livestock  is  lower  under  the 
closed  canopies,  although  browse  species  may  provide  good  forage  for  big  game. 

Wellner  and  Ryker  (1973)  suggest  that  a  full  range  of  silvicultural  systems  are 
available  for  timber  harvesting  and  regeneration  in  this  series.   Under  any  system, 
natural  regeneration  will  be  slow  because  good  seed  crops  are  infrequent  and  soil 
moisture  is  often  inadequate  for  seedling  establishment.   Mechanical  site  preparation 
will  aid  establishment  by  reducing  competition  for  moisture. 

Foiles  and  Curtis  (1973),  in  applying  cutting  methods  to  R.  and  J.  Daubenmires' 
(1968)  Pinus  ponderosa   habitat  types,  emphasize  clearcutting  and  mechanical  site 
preparation  where  dwarf  mistletoe  is  present  or  where  timber  production  is  the  primary 
goal.   We  advocate  caution  in  clearcutting  in  this  series  in  Montana  for  several  reasons 

1.  Dwarf  mistletoe  is  rarely  found  on  Pinus  ponderosa   in  Montana. 

2.  Many  natural  stands,  especially  in  the  grassy  group,  are  unevenaged. 
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3.  Timber  production  often  will  not  be  the  primary  goal  because  other  multiple- 
use  values  are  often  higher. 

Based  on  these  considerations,  we  suggest  selection  or  shelterwood  systems  coupled 
with  a  long  natural  regeneration  period  as  a  general  guideline  for  this  series.   In 
practice,  stand  prescriptions  should  be  based  on  individual  stand  conditions,  local 
experience,  and  management  objectives.   For  instance,  even-aged  stands  in  the  PIPO/SYAL 
and  PIPO/PRVI   h.t.s.  may  be  suited  to  seed-tree  or  clearcut  systems. 

Pinus  ponderosa/ Andropogon   spp.  h.t. 
{PIPO/AW;   ponderosa  pine/bluestem) 

Distribution. --This   is  a  minor  habitat  type  in  southeastern  Montana,  where  it 
apparently  represents  the  driest  conditions  within  the  Pinus  ponderosa   series.   It 
occurs  rarely  in  the  vicinity  of  Ashland  (where  our  one  stand  was  sampled) ,  but  is 
reportedly  more  common  eastward  in  the  Long  Pine  Mountains  near  the  South  Dakota 
border.   Stands  are  found  on  south-facing  slopes  at  elevations  near  4,000  feet.   This 
habitat  type  replaces  PIPO/FEID   and  PIPO/AGSP   as  one  goes  eastward  toward  the  Black 
Hills,  where  Thilenius  (1972)  described  a  similar  "habitat  unit"  (No.  \\--Pinus 
ponderosa/Andropogon  scoparius) . 

Vegetation. --Very  open  stands  of  Pinus  ponderosa   are  typical.   Undergrowth  is 
dominated  by  rather  low-growing  forms  of  either  Andropogon  gerardii   or  A.    scoparius 
and  dry-site  forbs.  Agropyron  spioatum   and  Festuca  idahoensis   are  poorly  represented. 

Management . --Management  implications  are  similar  to  those  for  the  PIPO/AGSP   h.t. 

Pinus  ponderosa/ Agropyron  spioatum   h.t. 
{PIPO/AGSP;   ponderosa  pine/bluebunch  wheatgrass) 

Distribution. --The  PIPO/AGSP   h.t.  is  widespread  in  Montana  below  4,800  feet 
elevation  on  the  driest  forested  sites,  especially  on  south-facing  slopes. 

Vegetation. --Pinus  ponderosa,   and  occasionally  Juniperus  soopulorum,    are  the  only 
successful  coniferous  trees.   Grassland  forbs  and  minor  amounts  of  shrubs  accompany 
Agropyron  spioatum   in  the  undergrowth:  these  include  Balsamorhiza  sagittata,    Lithospermwn 
ruderale ,   and  Prunus  virginiana.      Stands  in  western  Montana  have  undergrowth  composition 
similar  to  that  of  R.  and  J.  Daubenmires '  (1968)  Pinus -Agropyron   h.t.   However,  species 
composition  is  somewhat  different  on  some  sites  east  of  the  Continental  Divide  (as 
discussed  in  the  series  description),  and  this  may  warrant  future  phase  recognition. 

Soil / 'Climate . --Our  stands  were  on  a  variety  of  sedimentary  parent  materials,  the 
majority  of  which  were  calcareous  (appendix  D-l).   Surface  soils  were  gravelly  loams  to 
gravelly  silts  and  ranged  from  acidic  to  slightly  basic,  depending  on  the  parent 
material.   Ground  surfaces  had  moderate  bare  soil  (7  percent)  and  little  rock  exposed 
(3  percent);  duff  depth  averaged  less  than  4  cm.  Most  of  the  soils  had  an  Al  horizon. 

Weather  data  for  Roundup  (appendix  D-2)  reflect  the  climate  of  this  habitat  type 
in  central  Montana. 

Productivity /Management . --Although  forage  production  is  low,  winter  use  by  mule 
deer  was  evident  on  most  sites.   Occasional  evidence  of  elk  use  was  also  observed. 

This  habitat  type  may  have  moderate  potential  for  livestock  forage  production 
where  slopes  are  not  too  steep. 

Timber  productivity  is  low  to  very  low,  with  low  site  indexes  and  stockability 
limitations  (appendix  E) .   Clearcutting  will  generally  result  in  conversion  to  a  grass- 
land community  with  very  slow  reinvasion  of  Pinus  ponderosa.      Intensive  site  preparation 
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and  planting  may  succeed,  but  the  expense  is  difficult  to  justify  with  such  low  growth 
potential.   Light  selection  or  sanitation-salvage  cutting  can  provide  some  timber  while 
maintaining  site  protection.   Natural  regeneration  may  take  20  to  40  years,  but  this 
should  be  acceptable  under  a  selection  system  of  management. 

Other  studies. --k  PIPO/AGSP   h.t.  has  been  described  by  R.  and  J.  Daubenmire  (1968), 
by  McLean  (1970)  in  British  Columbia,  by  Hoffman  and  Alexander  (1976)  in  Wyoming,  and  by 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  in  central  Idaho.   This  type  is  more  variable  in  Montana  than  in  other  areas. 

Pinus  ponderosa/Festuca  idahoensis   h.t. 
(PIPO/FEID;    ponderosa  pine/ Idaho  fescue) 

Distribution. — The  PIPO/FEID   h.t.  occurs  throughout  Montana  wherever  the  Pinus 
ponderosa   climax  forest  zone  exists.   It  occurs  primarily  on  south-  and  west-facing 
slopes  with  better  soil  development  or  in  areas  less  droughty  than  the  PIPO/AGSP   h.t. 
Occasionally  it  is  found  on  benchlands  and  gentle  north  slopes  near  lower  timberline 
adjacent  either  to  Festuaa  idahoensis   grasslands  or  to  the  PIPO/AGSP   h.t.  on  drier 
exposures.   Elevations  are  less  than  5,000  feet. 

Vegetation. --Festuoa  idahoensis   and/or  Festuoa  scabrella   are  common  in  the 
undergrowth.  Agropyron  spioatum   is  usually  present.   Associated  species  are  similar 
to  those  of  the  PIPO/AGSP   h.t.,  except  for  greater  frequency  of  Antennaria  rosea 
on  the  PIPO/FEID   h.t.  and  of  Danthonia  unispicata   on  the  PIPO/FEID   h.t.,  FEW   phase 
in  the  Custer  National  Forest. 

Festuoa  idahoensis    (FEW)   phase. --This  phase  is  common  in  west-central  and 
southeastern  Montana.  Festuoa  idahoensis   is  well  represented  and  Festuoa  scabrella   is 
scarce. 

Festuoa  scabrella   (FESC)   phase. --This  phase  is  frequently  found  in  west-central 
and  central  Montana.  Festuoa  scabrella   is  common,  reflecting  sites  that  are  cooler, 
less  droughty,  or  having  better  soil  development  within  the  PIPO/FEID   h.t.   Canopy 
coverage  for  bunchgrasses  averages  substantially  higher  than  for  the  Festuca  idahoensis 
phase.   Because  Festuca  scabrella   decreases  markedly  in  coverage  after  several  years 
of  heavy  grazing  (Moss  and  Campbell  1947),  its  mere  presence  under  such  conditions  is 
sufficient  evidence  for  classification  in  this  phase. 

Soil. --Our  stands  were  on  a  variety  of  parent  materials  (appendix  D-l).   Surface 
soils  were  gravelly  loams  to  gravelly  silts.   Most  of  the  soils  were  acidic,  although 
a  few  that  developed  from  calcareous  parent  materials  were  slightly  basic.   Ground 
surfaces  had  little  bare  soil  and  moderate  amounts  of  exposed  rock;  duff  depth  averaged 
4  cm.  Most  of  the  soils  have  darkened  Al  surface  horizons,  reflecting  the  forb  and 
grass  influence  on  soil  development. 

Productivity  /Management  .--On  gentle  terrain  PWO/FEID   is  one  of  the  better  forest 
habitat  types  for  production  of  forage  for  domestic  stock.   Forage  production  is  con- 
siderably greater  than  in  the  PIPO/AGSP   h.t.,  especially  in  the  Festuca  scabrella   phase 
(appendix  C-l)  Mule  deer  apparently  use  these  sites  as  both  winter  and  summer  range. 
Elk  winter  use  appears  greater  than  in  the  PIPO/AGSP   h.t.,  perhaps  due  to  better  cover 
and  forage.   Forage  allocation  between  big  game  and  domestic  stock  should  be  a  major 
management  consideration  in  many  areas  of  this  habitat  type. 

Timber  productivity  is  low,  due  to  both  low  site  index  and  stockability  limitations 
(appendix  E) .   Silvicultural  considerations  are  similar  to  those  described  for  the 
PIPO/AGSP   h.t. 
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Other  studies. — The  FEID   phase  is  nearly  equivalent  to  the  Pinus  ponderosa/Festuca 
idahoensis   h.t.  described  by  McLean  (1970),  Hoffman  and  Alexander  (1976),  Steele  and 
others  (1975  preliminary  draft  of  forest  habitat  types  of  central  Idaho,  USDA  Forest 
Service,  Intermountain  Station),  and  R.  and  J.  Daubenmire  (1968).   However,  Agropyron 
spicatum   is  apparently  more  prevalent  in  Montana  than  in  northern  Idaho.   The  FESC 
phase  has  not  been  described  elsewhere. 

Pinus  ponderosa/Purshia  tridentata   h.t. 
(PIPO/PUTR;   ponderosa  pine/bitterbrush) 

Distribution. --This   habitat  type  occurs  primarily  on  dry  benches  and  rocky  slopes 
at  low  elevations.   It  is  locally  common  in  the  Kootenai  River  canyon  as  well  as  in  the 
vicinities  of  Plains,  Darby,  and  Helena. 

Vegetation. --In  general  the  undergrowth  composition  is  similar  to  that  of  the 
PIPO/AGSP   or  PIPO/FEID   h.t.  with  the  addition  of  Purshia  tridentata. 

Sometimes  Prunus  virginiana,   and  in  the  Helena  vicinity  Rhus  trilobata,    share 
dominance  with  Purshia.      Cercooarpus  ledifolius   is  an  associate  of  Purshia   in  stands 
near  Darby,  but  it  is  restricted  to  rock  outcrops. 

Agropyron  spioatum   (AGSP)   phase. --Agropyron   is  the  dominant  grass,  and  the  site 
appears  drier  than  in  the  Festuca  idahoensis   phase.   Bare  soil  is  more  obvious, 
bunchgrass  canopy  coverage  averages  only  16  percent ,  and  litter  is  sparse. 

Festuca  idahoensis    (FEID)   phase. --Festuca  idahoensis,   F.    scabrella,   and  Agropyron 
spicatum   are  the  dominant  grasses,  and  the  undergrowth  is  better  developed  than  in  the 
Agropyron  spicatum   phase.   Bare  soil  is  less  conspicuous,  slopes  are  gentle,  and 
bunchgrasses  have  a  combined  average  canopy  coverage  of  50  percent.   This  phase  is 
more  important  for  both  livestock  and  big  game  due  to  the  high  coverage  of  bunchgrasses. 

Soil/ Climate. --About  half  of  the  sample  stands  were  on  calcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  gravelly,  but  not  more  so  than  other  h.t.s  in  this 
series.   Reactions  were  acidic  to  slightly  basic,  depending  on  parent  material.   Cround 
surfaces  had  moderate  (averages  of  4  and  5  percent)  exposed  rock.   The  AGSP   phase  had 
considerable  bare  soil  (17  percent)  and  less  than  1  cm  of  duff,  whereas  the  FEID   phase 
had  6  percent  bare  soil  with  duff  depth  averaging  2.4  cm.   All  of  the  soils  had  dark- 
ened Al  surface  horizons. 

Weather  data  from  Canyon  Ferry  (appendix  D-2)  provide  an  example  of  the  climate  on 
a  PIPO/PUTR   site. 

Productivity /Management. --For 'age  production  for  domestic  stock,  deer,  and  elk  is 
substantial.   Deer  and  elk  winter  use  is  heavy  because  of  mild  temperatures,  lack  of 
snow  cover,  and  the  presence  of  Purshia  tridentata,   one  of  the  more  desirable  big-game 
browse  species.  Purshia  tridentata   is  killed  by  ground  fire  but  apparently  reinvades 
quickly  following  surface  fires  (R.  and  J.  Daubenmire  1968). 

Timber  productivity  is  very  low,  because  of  slow  growth  and  stockability  limita- 
tions (appendix  E) .   Silvicultural  considerations  are  similar  to  those  described  for 
the  PIPO/AGSP   h.t. 

Ither  studies. --R.    and  J.  Daubenmire  (1968)  described  situations  in  this  habitat 
type  in  which  Stipa  comata   or  Aristida  longiseta   dominated  the  forb  layer.  Stipa   was 
an  important  component  along  with  Agropyron  spicatum   near  Rexford,  Montana,  but  this 
situation  was  not  found  elsewhere  in  the  State.   R.  and  J.  Daubenmire  (1968)  have  cited 
several  examples  of  this  habitat  type  in  the  northwestern  United  States  and  adjacent 
British  Columbia. 
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Pinus  ponderosa/ Symphorioarpos  albus   h.t. 
(PIPO/SYAL;   ponderosa  pine/snowberry) 

Distribution. --This  habitat  type  is  common  on  benchlands  and  north-facing  slopes 
in  central  and  southeastern  Montana.   It  is  occasionally  found  in  western  Montana  on 
benchlands  in  the  lower-elevation  valleys.   Sometimes  the  dry  extreme  of  PIPO/SYAL 
develops  on  south-facing  slopes,  but  the  bunchgrass-dominated  Pinus  ponderosa   habitat 
types  are  generally  more  prevalent  on  such  exposures.   West  of  the  Continental  Divide 
PIPO/SYAL   is  often  absent,  since  the  grassy  Pinus  ponderosa   habitat  types  usually  are 
bordered  by  the  Pseudotsuga   series,  often  the  PSME/SYAL   h.t.   Elevations  of  sample 
plots  ranged  from  2,600  feet  at  Plains  to  5,400  feet  near  Lewistown. 

Vegetation. --Some  stands  appear  even-aged,  exhibiting  a  relatively  uniform,  closed 
canopy.   Other  stands  have  several  age  classes,  reflecting  the  influence  of  ground  fires 
Because  of  fairly  dense  shade  and  heavy  duff  accumulation,  disturbance  appears  neces- 
sary to  establish  regeneration.   Undergrowth  is  dominated  by  Symphorioarpos  albus 
and  other  shrubs,  accompanied  by  a  rich  assortment  of  perennial  forbs  and  grasses. 

Symphorioarpos  albus    (SYAL)   phase/Soil . --This  is  the  most  widespread  phase.   Bunch- 
grasses  are  often  codominant  with  Symphorioarpos;    such  stands  either  are  serai,  or  are 
transitional  to  the  grassy  Pinus  ponderosa   habitat  types. 

Parent  materials  in  this  phase  were  variable  with  only  one  stand  found  on  cal- 
careous parent  material  (appendix  D-l).   Surface  soils  were  slightly  acidic  and 
gravelly  with  a  full  range  of  textures  from  loamy  sands  to  silty  clay  loams.   Ground 
surfaces  were  rock-free  with  little  bare  mineral  soil  exposed  in  natural  stands;  duff 
depth  averaged  4.5  cm.   Although  most  soils  had  darkened  Al  horizons,  a  few  displayed 
surface  A2  or  B  horizons. 

Soil  moisture  depletion  during  the  growing  season  has  been  documented  for  this 
phase  in  two  different  studies  (Daubenmire  1968a,  McMinn  1952) .   Soil  dries  to  the 
wilting  point  in  the  surface  horizons  during  late  June  to  July.   By  mid-  to  late 
August  the  wilting  point  depth  reaches  at  least  20  inches. 

Berberis  repens    (BERE)   phase/Soil . --This  minor  phase  was  found  only  in  central 
Montana  in  the  vicinity  of  Lewistown  and  Roundup  where  it  occupies  gentle  slopes  and 
benches  more  moist  than  those  occupied  by  the  SYAL   phase.  Berberis  repens   is  common 
in  the  luxuriant  undergrowth,  and  bunchgrasses  are  poorly  represented.  Juniperus  com- 
munis  and  Spiraea  betulifolia   are  common  in  the  shrub  layer.  Sohizaohne  purpurasoens 
is  often  present,  indicating  some  similarity  to  the  PIPO/PRVI   h.t. 

Parent  materials  in  this  phase  were  exclusively  limestone  (appendix  D-l).   Soils 
were  virtually  gravel-free  in  the  surface  20  cm  and  ranged  from  slightly  acidic  to 
slightly  basic.   Textures  ranged  from  silt  loam  to  silty  clay  loam.   Ground  surfaces 
were  rock-free  and  no  bare  soil  was  exposed  in  natural  stands.   Average  duff  accumula- 
tion was  greater  than  5  cm.   All  soils  had  well -developed  Al  surface  horizons. 

Climate . --Weather  data  for  Lewistown  represent  the  climate  of  the  PIPO/SYAL   h.t. 
in  central  Montana  (appendix  D-2) . 

Productivity /Management .--Timber   productivity  is  low,  although  it  is  one  of  the 
more  productive  habitat  types  in  the  Pinus  ponderosa   series  (appendix  E) .   In  western 
Montana,  site  index  for  Pinus  ponderosa   is  similar  to  that  for  the  grassy  habitat 
types,  but  basal  areas  in  PIPO/SYAL   are  substantially  greater,  indicating  higher 
stockability  and  volume  potentials.   Eastward,  both  site  indexes  and  basal  areas  are 
generally  higher  than  for  the  grassy  habitat  types  in  this  series.  PIPO/SYAL   stands 
should  regenerate  faster  than  the  grassy  habitat  types,  if  site  preparation  is 
adequate.   However,  clearcuts  may  be  difficult  to  regenerate  due  to  droughtiness 
and  competition  from  serai  bunchgrasses. 
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Forage  production  is  somewhat  variable.   Bunchgrasses  are  well  represented  in  the 
Symphoriearpos  albus   phase  (appendix  C-l),  indicating  a  good  potential  for  domestic 
livestock.   This  potential  declines  in  later  successional  stages.   Roth  phases  have  a 
fair  complement  of  palatable  big-game  browse  species. 

Other  studies. --The  SYAL   phase  is  comparable  to  the  Pinus  ponderosa/ Symphoriearpos 
albus   h.t.  described  by  R.  f,  J.  Daubenmire  (1968)  and  Robert  Steele  and  others  (1975, 
preliminary  draft  of  forest  habitat  types  of  central  Idaho,  USDA  Forest  Service,  Inter- 
mountain  Station).   Hoffman  and  Alexander  (1976)  describe  a  Pinus  ponderosa/ Spiraea 
betulifolia   h.t.  in  Wyoming  that  is  similar  to  our  BERE   phase. 

Pinus  ponder osa/Prunus  virginiana   h.t. 
{PTPO/PRVI;   ponderosa  pine/chokecherry) 

Distribution. --This  habitat  type  was  found  only  in  southeastern  Montana  where  it 
is  restricted  to  moist,  north-facing  slopes  and  draws  mostly  between  3,900  and  4,400 
feet  in  elevation. 

Vegetation. --Stand  structure  is  variable.  Some  stands  appear  to  be  all-aged,  with 
scattered  regeneration  and  rather  uniform  representation  of  size  classes.  Other  stands 
show  two  or  even  three  distinct  size  classes. 

Undergrowth  differs  from  other  Pinus  ponderosa   habitat  types.  Prunus  virginiana, 
Amelanchier  alnifolia,   and  Symphoriearpos  albus   form  a  shrubby  layer.   Green  ash, 
Fraxinus  pennsylvanioa ,  occurs  on  semiriparian  sites.  Berberis  repens.  Arnica 
cordifolia,   Cystopteris  fragilis ,  Rhus  radioans ,  Galium  boreale3   Schizachne  purpurascens 
and  Agrostis  soabra   are  characteristic  of  this  habitat  type. 

Prunus  virginiana   (PRVI)   phase. --This  is  the  common  phase  of  the  habitat  type. 

Shepherdia  canadensis    (SHCA)     phase. --This  minor  phase  was  found  only  on  the 
northern  Cheyenne  Indian  Reservation  west  of  Ashland.   It  is  distinguished  by  a  shrub 
layer  dominated  by  Shepherdia  canadensis.      In  addition,  Arctostaphylos  uva-ursi,   Pyrola 
spp.,  Spiraea  betulifolia   and  occasionally  Linnaea  borealis   help  to  differentiate  this 
phase  from  the  rest  of  the  PIPO/PRVI   h.t. 

Soil/Climate.  --This  habitat  type  was  found  only  on  noncalcareous  sandstone, 
siltstone,  and  shale  parent  materials  (appendix  D-l).   Surface  soils  were  acidic  to 
slightly  acidic  gravelly  silt  loams  with  well-developed  Al  horizons.   Ground  surfaces 
were  virtually  rock-free  and  no  mineral  soil  was  exposed  in  natural  stands.   Duff 
depths  averaged  5.8  cm  in  the  PRVI   phase  and  3.5  cm  in  the  SHCA   phase. 

Although  annual  precipitation  is  low  in  this  region  (about  11  inches  at  Ashland), 
much  of  it  falls  during  the  growing  season.   It  is  doubtful  if  severe  periods  of  summer 
drought  occur  on  these  sites. 

Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E) . 
Average  site  index  and  maximum  stand  heights  are  higher  than  other  eastside  Pinus 
ponderosa   habitat  types. 

A  rich  assortment  of  palatable  shrubs  and  forbs  makes  this  a  preferred  wildlife 
habitat  type.  Mule  deer  browse  heavily  on  Prunus  virginiana,  Amelanchier  alnifolia, 
and  other  shrubs,  often  severely  restricting  development  of  the  shrubs. 

Cattle  make  little  use  of  this  habitat  type,  preferring  adjacent  open  forests 
with  bunchgrass  undergrowth. 

Other  studies. --Thil en ius  (1972)  described  three  habitat  units  in  the  Black 
Hills  that  appear  similar  to  the  PRVI  phase:  Pinus  ponderosa-Quercus  macrocarpa/ 
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Prunus  virginiana/Symphorioarpos  albus/Berberis  repens    (HU-6,'.,  Pinus  ponderosa -Quercus 
macrocarpa /Prunus  virginiana/Symphorioarpos  albus/Schizaehne  purpurasoens-Carex  foena 
(HU-7 ) ,    and  part  of  Pinus  ponderosa/Prunus  virginiana/Amelanchier  alni folia/ 'Galium 
biflorum    (HU-8J.   The  SHCA   phase  appears  to  be  related  to  two  of  Thilenius'  (1972) 
habitat  units:  Pinus  ponderosa/Shepherdia  canadensis/ Symphoricarpos  albus/Arotostaphylos 
uva-ursi    (HU-2J  and  part  of  Pinus  ponderosa/Prunus  virginiana/Amelanchier  alnifolia/ 
Galium  biflorum   (HU-8J. 

Pseudotsuga  menziesii  Series 

Distribution. --Pseudotsuga   is  the  indicated  climax  in  a  broad  forest  belt  at 
moderate  elevations  in  the  Montana  Rockies.  Unlike  the  drier  Pinus  ponderosa 
and  Pinus  flexilis   series,  the  Pseudotsuga   series  does  not  extend  appreciably  out 
onto  the  Great  Plains.   It  is  associated  with  well-drained  mountain  slopes  and 
valleys  and  extends  from  the  lower  elevations  of  forest  growth  up  to  about  5,500 
feet  on  southern  exposures  in  northwestern  Montana,  and  from  lower  timberline  up  to 
about  7,500  feet  on  warm  aspects  in  southern  Montana. 

This  climax  series  is  broader  and  more  diverse  in  the  Montana  Rockies  than  in 
northern  Idaho.   In  fact,  the  Pseudotsuga   and  Abies   lasiocarpa   series  form  the  bulk 
of  the  coniferous  forest  in  the  Montana  Rockies. 

The  Pseudotsuga   series  is  bordered  on  warmer,  drier  sites  by  the  Pinus  ponderosa 
or  P.    flexilis   series  or  by  grassland.   In  many  areas  it  is  bounded  on  more  moist 
sites  by  the  Picea   series,  and  in  northwestern  Montana  often  by  the  Abies  grandis 
series.  At  higher  elevations  it  gives  way  to  the  Abies   lasiocarpa   series. 

Vegetation.--  Pseudotsuga  menziesii   is  more  shade-tolerant  than  its  principal 
associates,  which  are  Pinus  ponderosa   on  warm-dry  sites  within  the  series,  and  Pinus 
contorta   and  (west  of  the  Continental  Divide)  Larix  occidentalis   under  cool-moist 
conditions.   Historically,  wildfire  has  helped  maintain  these  serai  species  in  much 
of  the  Pseudotsuga   series.   All  four  of  these  species  are  adapted  to  fire,  and  they 
regenerate  well  following  disturbance.  Pinus  ponderosa   and  Larix  occidentalis 
commonly  survive  300  to  400  years,  while  Pinus  contorta   survives  only  about  half  as 
long.   In  the  absence  of  disturbance  Pseudotsuga   is  the  only  species  that  continues 
to  regenerate  in  any  abundance;  thus  it  gradually  becomes  dominant  in  undisturbed 
stands. 

Undergrowth  is  variable  among  the  15  habitat  types  in  this  series.   Bunchgrasses 
dominate  three  of  the  driest  habitat  types:  Pseudotsuga/ Agropyron  spicatum,    Pseudotsuga/ 
Festuca  idahoensis,    and  Pseudotsuga/Festuca  scabrella.      These  often  appear  similar  to 
the  corresponding  Pinus  ponderosa/bunchgrass   habitat  types  (fig.  13).   In  some  of  the 
other  Pseudotsuga   habitat  types  (for  example,  PSME/CARU) ,  bunchgrasses  often  occur  under 
serai  conditions  and  may  persist  in  openings.   Several  of  the  cooler  Pseudotsuga   habitat 
types  (e.g.,  PSME/VACA,    PSME/LIBO,    PSME/VAGL)   have  undergrowth  roughly  comparable  to 
some  types  in  the  Abies  lasiocarpa   series  (fig.  14). 

Soil /Climate. --Soils  are  variable  throughout  the  series.   In  general,  habitat 
types  were  not  strongly  related  to  specific  parent  materials,  although  many  were  found 
only  on  noncalcareous  substrates.   Surface  soils  are  consistently  gravelly  and  acidic, 
except  on  calcareous  substrates.   Surface  rock  and  bare  soil  are  conspicuous  in  the 
Pseudotsuga/bunchgrass   h.t.s  and  average  duff  depth  is  less  than  3  cm.   Average  duff 
depth  in  the  other  Pseudotsuga   habitat  types  is  from  3  to  6  cm. 

Some  climatic  parameters  for  the  Pseudotsuga   series  are  shown  in  appendix  D-2. 
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Figure  IS. --Pseudotsuga  menziesii/Agropyron  spicatum  h.t.    on  a  steep  south  slope    (5,650 
feet  elev.)  east  of  Philipsburg  in  west-central  Montana.      Soil  is  loose  and  sandy; 
much  of  the  ground  surface  is  exposed,   partially  because  of  grazing. 

Figure  14. — Pseudotsuga  menziesii/Vaccinium  globulare  h.t.    fArctostaphylos  uva-ursi 
phase)  on  a  south  exposure    (4,  700  feet  elev. )   in  a  relatively  moist  area  west  of 
Missoula  in  west-central  Montana.      Serai   Pinus  ponderosa  dominates  in  the  over- 
story;   Vaccinium  and   Xerophyllum  can  be  seen  in  the  undergrowth. 


Fire  history. --Wildfire  appears  to  have  occurred  more  frequently  in  this  series 
than  in  cooler  or  more  moist  series.   However,  fires  have  generally  been  less  destruc- 
tive to  mature  stands  in  this  series  than  in  the  cooler  or  more  moist  series  (Wellner 
1970;  Arno  1976).   Natural  fire  frequency  in  many  stands  has  been  between  10  and  30 
years . 

Productivity /Management . --Timber  productivity  ranges  primarily  from  low  to 
moderate  in  this  series  (appendix  E) .   Production  of  forage  for  domestic  stock  and  big 
game  varies  considerably  between  habitat  types.   Lower  elevations  and  southerly 
exposures  are  often  important  for  deer  and  elk  winter  range. 

Pseudotsuga  menziesii/Agropyron  spicatum   h.t. 
{PSME/AGSP;    Douglas-fir/bluebunch  wheatgrass) 

Distribution. --The  PSME/AGSP   h.t.  represents  the  warm-dry  extreme  of  the 
Pseudotsuga   climax  series.   It  occurs  mostly  on  steep  southern  or  western  exposures, 
and  is  most  common  in  central  and  west -central  Montana.   Elevation  of  sample  plots 
ranged  from  5,000  to  6,500  feet.   It  has  a  cooler  environment  and  shorter  growing 
season  than  the  PIPO/AGSP   h.t. 

Vegetation. --Trees  are  widely  spaced  and  stand  structure  is  similar  to  that  of 
the  grassy  group  of  habitat  types  in  the  Pinus  ponderosa   series.  Pinus  ponderosa   is 
often  a  major  serai  or  climax  associate.   On  limestone-derived  soils,  Pinus  flexilis 
is  commonly  present  as  a  minor  serai  component. 

Undergrowth  is  dominated  by  Agropyron  spicatum   and  Balsamorhiza  sagittata. 
Scattered  shrubs  may  be  present  with  low  coverages  (appendix  C) .   Undergrowth  composi- 
tion is  quite  similar  to  the  PIPO/AGSP   h.t.;  however,  the  PSME/AGSP  h.t.  has  no 
appreciable  representation  of  Great  Plains  grassland  species.  Festuaa  idahoensis   was 
common  in  a  few  PSME/AGSP   stands  west  of  the  Continental  Divide,  but  Pinus  ponderosa 
was  a  major  serai  species  and  site  features  fit  the  PSME/AGSP   description. 

Soil. --Our  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent 
materials  (appendix  D-l).   Surface  soils  were  gravelly  (42  percent),  acidic  to  slightly 
basic  (on  limestone),  and  ranged  in  texture  from  loamy  sand  to  silt.   Ground  surfaces 
averaged  11  percent  rock,  13  percent  bare  soil,  and  only  2.5  cm  duff  depth.   All  of  the 
soils  had  an  Al  surface  horizon. 

Productivity /Management .--Forage  production  for  livestock  is  moderate,  but  steep 
slopes  limit  grazing.   Mule  deer  and  elk  use  was  quite  evident,  apparently  as  part  of 
their  winter  range.   Browse  production  is  low,  but  warm  exposures  encourage  frequent 
use. 

Timber  productivity  is  low  to  very  low,  as  indicated  by  both  low  site  indexes  and 
stockability  limitations  (appendix  E) .   Clearcutting  in  this  type  will  generally  result 
in  conversion  to  grassland  with  very  slow  reinvasion  of  trees.   Light  selection  or 
sanitation-salvage  cutting  will  permit  timber  harvest  and  protect  the  site.   Natural 
regeneration  may  take  20  to  40  years,  but  this  should  be  acceptable  under  a  selection 
system  of  management.   Intensive  cultural  work  is  difficult  to  justify  with  such  low 
productivity  potential. 

Other  studies . --McLean  (1970)  described  a  very  similar  Pseudotsuga/ Agropyron   h.t. 
in  British  Columbia.   Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  also  describe  a  comparable  situation  in  central  Idaho. 
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Pseudotsuga  menziesii/Festuoa  idahoensis   h.t. 
(PSME/FEID;    Doug las -fir/ Idaho  fescue) 

Distribution. --The  PSME/FEID   h.t.  is  found  on  dry  sites  that  are  generally 
cooler  than  those  of  the  PSME/AGSP   h.t.   It  occurs  on  a  variety  of  aspects  usually 
between  5,600  and  7,350  feet  elevation.  PSME/FEID   is  common  in  west-central  Montana 
on  the  Deerlodge  National  Forest  and  in  southwestern  Montana,  but  is  rare  elsewhere. 
In  southwestern  Montana  it  often  occurs  as  a  topographic  climax  at  the  lower  edge  of 
the  forest  on  north  slopes.   It  also  forms  a  topographic  climax  on  southerly  exposures 
at  higher  elevations.   There  stands  are  more  open  and  undergrowth  is  better  developed. 

Vegetation. --PSME/FEID   differs  from  the  other  Pseudotsuga/bunchgrass   habitat 
types  in  that  Pinus  ponderosa   is  essentially  absent.  PSME/FEID   occurs  in  areas 
where  even  the  valley  base  elevations  are  near  the  upper  elevational  or  cold  limits 
of  P.    ponderosa.      Small  amounts  of  Pinus  flexilis   may  occur  in  stands  on  limestone- 
derived  soils. 

As  with  PSME/AGSP,   undergrowth  coverage  is  sparse.   Common  associates  of  Festuaa 
idahoensis   include  Ribes  aereum,   Artemisia  tridentata,   and  Agropyron  spiaatum. 

Soil. --Our  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent 
materials  (appendix  D-l).   Surface  soils  were  acidic,  averaged  31  percent  gravel  con- 
tent, and  ranged  in  texture  from  sandy  loam  to  silt.   Ground  surfaces  averaged  9  percent 
rock,  9  percent  bare  soil,  and  2.4  cm  duff  depth.   Almost  all  of  the  soils  had  an  Al 
horizon. 

Produa tivity /Management . --Forage  potential  for  livestock  is  moderate  in  cleared  or 
open  stands.  Slopes  are  often  gentle  enough  to  allow  domestic  livestock  grazing.  Mule 
deer  and  elk  use  was  quite  evident,  apparently  for  winter  cover  and  forage. 

Timber  productivity  is  low,  as  reflected  by  low  site-index  values  and  apparent 
stockability  limitations  (appendix  E) .   Dense  stands  on  north  or  east  aspects  often 
become  stagnated.  Pseudotsuga   is  the  only  commercial  tree  species  in  this  habitat 
type.  Timber  management  considerations  are  similar  to  those  described  for  the  PSME/ 
AGSP   h.t.,  except  that  small  clearcuts  may  be  appropriate  for  stagnated  stands  on 
north  slopes. 

Other  studies .--This  habitat  type  has  been  described  for  central  Idaho  (Robert 
Steele  and  others  1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station). 
McLean  (1970)  described  a  PSME/FEID   h.t.  in  British  Columbia;  however,  his  description 
corresponds  to  our  PSME/CARU   h.t.,  AGSP  phase  in  Montana. 

Pseudotsuga  menziesii/Festuoa  scabrella   h.t. 
(PSME/FESC;    Douglas- fir/rough  fescue) 

Distribution. — The  PSME/FESC   h.t.  was  found  only  in  northwestern,  west-central, 
and  central  Montana.  Most  sample  stands  were  on  south-  or  west-facing  slopes  between 
2,700  and  5,700  feet  in  elevation,  but  they  ranged  as  high  as  7,400  feet  in  central 
Montana. 

Vegetation .- -Pinus  ponderosa   is  often  a  major  serai  or  climax  associate  with 
Pseudotsuga.     Only  occasionally  are  sites  found  at  elevations  above  the  cold  limits  of 
Pinus  ponderosa.     Pinus  flexilis   is  a  minor  component  of  some  stands  on  calcareous  soils, 

Undergrowth  appears  similar  to  that  of  adjacent  Festuaa  soabrella   grasslands. 
Small  amounts  of  Amelanohier  alnifolia,   Prunus  virginiana,    and  Rosa  woodsii   are  often 
found.  Purshia  tridentata   was  abundant  in  two  sample  stands;  in  this  situation 
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wildlife  management  implications  might  parallel  those  for  the  PIPO/PUTR   h.t.   Major 
grasses  and  forbs  associated  with  Festuaa  soabrella   include  Agropyron  spioatum,   Festuoa 
idahoensis,    Koeleria  oristata,    Balsamorhiza  sagittata,    and  Lithospermum  ruderale. 

The  Festuoa  soabrella   union  was  given  habitat  type  status  in  the  Pseudotsuga 
series  for  two  reasons:  (1)  There  is  a  geographical  segregation  of  PSME/FEID   and 
PSME/FESC   h.t.s,  the  latter  occurring  to  the  north;  (2)  Pinus  pondevosa   is  often  a 
major  climax  associate  in  the  PSME/FESC   h.t.,  but  is  absent  in  PSME/FEID.      Festuoa 
soabrella   and  F.    idahoensis   unions  have  less-contrasting  habitats  in  the  Pinus  flexilis 
and  P.   pondevosa   series,  thus  they  are  classified  as  phases. 

£o£Z-.--Our  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  acidic,  averaged  37  percent  gravel  content  and 
ranged  in  texture  from  loam  to  silt.   Ground  surfaces  averaged  5  percent  rock,  7  percent 
bare  soil,  and  2.5  cm  duff  depth.   Many  of  the  soils  had  an  Al  horizon. 

Productivity /Management .--On  gentle  terrain,  the  PSME/FESC   h.t.  is  one  of  the 
better  forest  habitat  types  for  production  of  forage  for  domestic  stock.   Canopy 
coverage  of  bunchgrasses  is  much  greater  than  for  other  Pseudotsuga   habitat  types 
(appendix  C-l).  Mule  deer  and  elk  use  was  quite  evident,  apparently  as  winter  range. 

Timber  productivity  is  low  to  very  low,  due  to  both  low  site  index  values  and 
stockability  limitations  (appendix  E) .   Timber  management  considerations  are  similar 
to  those  described  for  the  PSME/AGSP   h.t. 

Other  studies. — The  PSME/FESC   h.t.  has  not  been  described  elsewhere. 

(Pseudotsuga  menziesii/Vaooinium  oaespitosum   h.t. 
(PSME/VACA;    Douglas-fir/dwarf  huckleberry) 

Distribution. — The  PSME/VACA   h.t.  is  found  on  relatively  warm  and  moist,  but  well- 
drained  benches  and  gentle  slopes.   It  is  common  in  northwestern,  west-central,  and 
central  Montana.   Elevations  are  mostly  2,500  to  3,800  feet  in  northwestern  Montana, 
2,900  to  4,500  feet  in  west-central  Montana,  and  5,200  to  6,400  feet  east  of  the 
Continental  Divide.  Afternoon  temperatures  may  be  high  in  summer,  but  in  many  of  these 
sites  cold  air  accumulation  creates  a  "frost  pocket." 

Vegetation. --Most  stands  in  northwestern  Montana  are  dominated  either  by  Pinus 
ponderosa   or  Larix  oooidentalis    (fig-  15).   East  of  the  Continental  Divide  and  on 
colder  sites  in  northwestern  Montana,  Pinus  oontorta   is  the  dominant  serai  tree  species. 

Undergrowth  is  a  low,  dense  layer  of  Calamagrostis  rubesoens ,   Carex  geyeri,    Vaooin- 
ium  oaespitosum,    and  Arotostaphylos  uva-ursi.      Linnaea  borealis   is  well  represented  in 
about  a  third  of  the  stands  sampled,  apparently  on  the  more  moist  sites.  Symphoricarpos 
albus   is  sometimes  well  represented,  but  usually  has  less  coverage  than  Calamagrostis 
and  its  low-growing  associates.  Xerophyllum  tenax   is  occasionally  present  on  sites  in 
cool  mountain  canyons. 

The  open,  park- like  conditions  and  large  fire-scarred  serai  trees  found  in 
undisturbed  stands  of  PSME/VACA   suggest  a  history  of  frequent  ground  fires.   In  many 
cases  Pseudotsuga   has  only  recently  begun  to  regenerate,  because  of  past  fires  or 
perhaps  due  to  moisture  depletion  in  the  surface  soil  caused  by  heavy  stocking  of 
old-growth  Pinus  ponderosa   and  Larix  oooidentalis   and  the  dense  mat  of  undergrowth. 

Soil/Climate. --Our  stands  were  on  a  variety  of  noncalcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  acidic,  gravelly  (26  percent)  sandy  loams  to 
loams.   Very  little  rock  and  bare  soil  were  exposed;  duff  depth  averaged  4.3  cm. 
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Figure  15. — Pseudotsuga  menziesii/Vaccinium  caespitosum  h.t.    on  gentle  terrain    (4,500 
feet  elev. )  northeast  of  Missoula.      Pinus  ponderosa  and   Larix  occidentalis 
dominate  the  overstory,    but  the  regeneration  is   Pseudotsuga. 

Weather  data  from  Greenough  and  Pleasant  Valley  (appendix  D-2)  represent  the 
climate  of  the  PSME/VACA   h.t.  west  of  the  Continental  Divide. 

Productivity /Management . --West  of  the  Continental  Divide  this  habitat  type  affords 
good  growth  for  a  mixture  of  commercially  valuable  tree  species;  growth  of  Pinus 
ponderosa   is  excellent.   Productivity  ranges  from  moderate  to  high  in  western  Montana 
(appendix  E) .   Eastward,  the  habitat  type  is  less  productive,  Pinus  contorta   is  the 
dominant  serai  species,  and  Pinus  ponderosa   and  Larix  oooidentalis   are  absent. 

Either  even-aged  management  or  selective  removal  of  Pseudotsuga   will  favor 
perpetuation  of  serai  tree  species  in  this  habitat  type.   Overstory  removal  will  lead 
to  increasing  dominance  by  Pseudotsuga.      The  sod  formed  by  Calamagvostis  rubescens   and 
its  associates  may  need  breaking  for  successful  regeneration  of  conifers.   Wide 
latitude  can  be  taken  in  managing  these  productive  and  accessible  sites. 

Domestic  stock  use  was  observed  only  locally.  The  forage  potential  for  livestock 
is  low  in  natural  stands.  However,  deer,  elk,  and  occasionally  moose  use  them  heavily 
in  winter,  if  snow  depths  are  not  too  great. 

This  habitat  type  is  frequently  used  for  recreation  sites,  including  campgrounds 
and  summer  home  developments. 

Other  studies .--Steele   and  others  (1976  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  has  recorded  this  habitat  type  in  north-central  Idaho.   In 
Alberta,  that  part  of  Ogilvie's  (1962)  Pseudotsuga/ 'Calamagrostis   h.t.  which  includes 
Vaooinium  caespitosum   appears  to  be  similar. 
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Pseudotsuga  menziesii/Physocarpus  malvaaeus   h.t. 
(PSME/PHMA;    Douglas-fir/ninebark) 

Distribution. --In   most  of  Montana,  the  PSME/PHMA   h.t.  occurs  predominantly  on 
cool  and  moist  north-  or  east-facing  slopes.   However,  the  Calamagrostis  rubesaens 
phase  is  usually  associated  with  southerly  exposures,  and  in  moist  areas  of  north- 
western Montana  the  Physocarpus   phase  occurs  on  south-facing  slopes.   In  northwestern 
and  west-central  Montana  the  habitat  type  was  found  at  elevations  of  2,000  to  5,700 
feet,  in  central  Montana  at  4,800  to  5,800  feet,  and  in  south-central  Montana  at 
5,100  to  6,700  feet. 

Vegetation. --The  overstory  is  normally  dominated  by  Pseudotsuga.      West  of  the 
Continental  Divide,  Pinus  ponderosa,   Larix  ooaidentalis ,   and  Pinus  aontorta   are  minor 
serai  components  of  many  stands;  however,  Pseudotsuga   is  usually  the  dominant  tree 
species  in  all  stages  of  succession.   East  of  the  Continental  Divide,  Pseudotsuga   is 
the  only  tree  species  present  in  appreciable  amounts.   An  exception  was  found  on 
limestone  substrates  in  south-central  Montana,  where  Pinus  flexilis   was  a  major 
associate  of  Pseudotsuga   under  serai  conditions. 

Physocarpus  malvaaeus    (PUMA)   phase . --Phy so  carpus  malvaaeus   or  Holodisaus  discolor 
form  a  dense  shrubby  layer  that  dominates  the  undergrowth  (fig-  16).  Symphoricarpos 
albus,    Spiraea  betulifolia,    Calamagrostis  rubesaens,   Arnica  cordifolia,    and  Carex 
geyeri   are  often  well  represented.  Disporum  trachycarpum,    Smilacina   spp.,  Tiialiatrum 
occidentale ,  and  other  moist -site  forbs  are  common.   Stands  are  normally  on  north  or 
east  aspects. 

Calamagrostis  rubesaens    (CARll)   phase. --This  warm-exposure  variation  of  the 
PSME/PHMA   h.t.  is  common  in  west-central  Montana.   In  mature  stands  Calamagrostis 
rubesaens   and  Carex  geyeri   are  dominant  beneath  a  scattered  Physocarpus   shrub  layer. 
Agropyron  spioatum   and  Balsamorhiza  sagittata   are  common  in  half  of  the  sample  stands 
(fig.  17)  and  they  may  dominate  stands  in  early  serai  condition.  Pinus  ponderosa 
is  a  major  serai  dominant  on  these  sites,  and  Pinus  aontorta   and  Larix  oacidentalis 
are  absent  because  of  droughty  conditions.   This  phase  evidently  represents  a 
transition  from  PSME/PHMA   to  the  PSME/CARU   or  PSME/AGSP   h.t.s. 

Soil. --Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  west  of  the 
Continental  Divide;  near  and  east  of  the  Continental  Divide  stands  were  also  found  on 
limestone  (appendix  D-l).   Surface  soils  were  acidic  (slightly  basic  on  limestone), 
gravelly  (average  42  percent),  and  ranged  in  texture  from  sandy  loam  to  silt.   Little 
exposed  rock  was  evident  in  the  PHMA   phase  with  about  5  percent  in  the  CARU   phase.   No 
bare  soil  was  exposed  in  either  phase  and  duff  depth  averaged  about  4  cm  in  both. 

Productivity /Management. — Timber  productivity  is  moderate  to  high  in  western  Mon- 
tana, but  only  low  to  moderate  eastward  (appendix  E) .   The  highest  productivities  are 
found  in  western  Montana  in  the  PHMA   phase.   East  of  the  Continental  Divide,  silvicultural 
prescriptions  consider  only  Pseudotsuga   since  Pinus  ponderosa   and  P.  aontorta   are  rarely 
present.   West  of  the  Divide,  P.  ponderosa,    P.    aontorta,    and  Larix  oacidentalis   may  be 
perpetuated  where  they  occur  naturally  through  even-aged  management.   Partial  cutting 
favors  Pseudotsuga,    but  timber  production  may  be  severely  reduced  in  dwarf-mistletoe 
{Araeuthobium)    infected  stands. 

Livestock  usually  graze  only  small  areas  of  gentle  topography  in  this  type. 
Heavy  grazing  can  establish  a  Poa   disclimax  similar  to  that  described  by  R.  and 
J.  Daubenmire  (1968). 

Big  game  use  of  PSME/PHMA   h.t.  is  variable,  ranging  from  transitory  or  bedding 
activity  to  heavy  winter  use  by  elk  and  deer.   Intensity  of  use  may  depend  on 
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Figure  16. — Physocarpus  phase  (PSME/PHMA  h.t.)  on  a  steep  east  exposure  (5,000  feet 
elev. )  south  of  Drummond  in  west-central  Montana.  The  overstory  is  almost  purely 
Pseuriotsuga  about  170  years  of  age. 


Figure   17. — Calamagrostis  phase    (PSME/PHMA  h.t.)   on  a  steep  southwest  exposure    (4,500 
feet  elev.)   southeast  of  Missoula.      Pinus  ponderosa  is  a   long-lived  serai  dominant. 


snowpack  depth,  successional  stage,  and  the  availability  of  favored  browse  species. 
The  Calamagrostis  rubescens   phase,  which  occurs  on  warmer  slopes,  may  have  the  greatest 
importance  as  winter  range. 

Other  studies. --R.  and  J.  Daubenmire  (1968)  and  Hoffman  and  Alexander  (1976)  de- 
fined Pseudotsuga/Physocarpus   h.t.s  that  are  similar  to  our  PSME/PHMA   h.t.,  PEMA   phase. 
Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station) 
reported  finding  both  phases  of  the  habitat  type  in  central  Idaho. 

Pseudotsuga  menziesii /Vaaainium  globulare   h.t. 
(PSME/VAGL;    Douglas-fir/blue  huckleberry) 

Distribution- --PSME /VAGL   is  found  on  relatively  cold  sites  within  the  Pseudotsuga 
series,  and  generally  is  bordered  upslope  by  the  Abies   lasiooarpa   series  (ABLA/XETE   h.t., 
VAGL   phase  or  ABLA/VAGL   h.t.).   It  is  a  major  habitat  type  in  vicinities  of  the  Lolo 
and  Bitterroot  National  Forests  and  is  also  prominent  in  central  Montana.   It  occurs  on 
well -drained  slopes  at  elevations  between  4,300  and  6,800  feet. 

Vegetation. --Pseudotsuga   is  the  indicated  climax  as  well  as  a  vigorous  member  of 
most  serai  communities.  Pinus  eontorta,    Larix  oaaidentalis,    and  Pinus  ponderosa 
are  serai  components  whose  abundance  varies  considerably  by  phase.  Vaaainium  globulare 
is  well  represented  in  undergrowth  throughout  the  habitat  type.   Most  stands  have  a  mat 
of  Calamagrostis  rubesoens   and  Carex  geyeri.      Spiraea  betulifolia   is  usually  common, 
as  is  Xerophyllum   in  two  of  the  phases. 

Arctostaphylos  uva-ursi    (ARJJV)   phase. --This  phase  occurs  on  relatively  warm  sites, 
on  moderate  southerly  slopes  mostly  between  4,300  and  5,600  feet.   It  occurs  rather 
extensively  near  and  west  of  Missoula,  as  well  as  along  the  west  side  of  the  Bitterroot 
Valley.  Unlike  other  phases,  Pinus  ponderosa   is  a  dominant  in  serai  communities,  and 
Pinus  eontorta   and  Larix  oaaidentalis   have  only  minor  representation  in  most  stands. 
Arctostaphylos  uva-ursi   is  common  in  the  undergrowth,  and  Carex  geyeri   and  Xerophyllum 
are  usually  common  also.  Vegetative  composition  of  stands  in  this  phase  is  related 
to  that  of  the  PSME/CARU   h.t.,  ARUV   phase,  except  for  the  Vaaainium  globulare   and 
Xerophyllum,   which  are  indicative  of  colder  climatic  conditions. 

Xerophyllum  tenax    (XETE)   phase. --Although  this  phase  is  found  in  the  same  geo- 
graphic area  as  the  ARUV   phase,  it  occupies  cooler  sites.   It  is  also  found  on  south- 
ern exposures,  but  at  somewhat  higher  elevations  (4,800  to  6,500  feet).  Pinus  eontorta 
and  Larix  oaaidentalis   are  major  dominants  in  serai  stands,  and  Pinus  ponderosa   is 
absent  or  only  a  minor  component.  Vaaainium  globulare   is  usually  well  represented, 
and  Xerophyllum   is  common.  Most  stands  in  this  phase  were  classified  as  Pseudotsuga/ 
Xerophyllum   h.t.  in  our  preliminary  publications  (1972  and  1974). 

Vaaainium  globulare    (VAGL)   phase. --In  contrast  to  the  other  phases,  this  one  is 
commonly  associated  with  the  continental  mountain  climate  found  near  and  east  of  the 
Continental  Divide  in  Montana.   It  was  sampled  in  central  Montana  and  also  locally  in 
an  area  immediately  southeast  of  Missoula.   Unlike  the  other  phases,  it  is  restricted 
to  cool  exposures  (northwest,  north,  and  east),  where  it  occupies  moderately  steep 
slopes.   Elevations  of  sample  stands  ranged  from  6,200  to  6,800  feet  in  central  Montana 
and  from  5,000  to  5,600  feet  near  Missoula.  Pinus  eontorta   is  a  major  component  of 
serai  stands;  additionally,  Larix  oaaidentalis   and  Pinus  ponderosa   are  minor  components 
of  the  stands  near  Missoula.  Arctostaphylos   and  Xerophyllum   are  scarce  in  the  under- 
growth, although  Vaaainium  globulare   is  well  represented.  Arnica   latifolia,    indicative 
of  colder  climatic  conditions,  is  common  in  some  stands. 

Soil. --Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix  D-l) 
Surface  soils  were  very  gravelly  sandy  loams  to  silts  in  the  XETE   phase;  gravelly  silty 
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clay  loams  in  the  ABUV  phase,  and  gravelly  loams  to  silts  in  the  VAGL  phase.  Soils  were 
acidic  in  all  phases.  Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depths 
averaged  about  3  cm. 

Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E) . 
Silvicultural  prescriptions  and  choice  of  species  will  vary  depending  on  the  phase. 
This  habitat  type  receives  little  use  by  domestic  stock.  Deer  and  elk  use  is  light 
to  moderate. 

This  is  an  important  habitat  type  for  production  of  Vaccinium  g lobular e ,  whose 
berries  are  utilized  by  bears,  grouse,  other  wildlife,  and  humans,  and  whose  shoots 
are  browsed  by  big  game.  Miller  (1977)  studied  the  response  of  Vaooinium  globulare 
to  prescribed  fires  in  spring  and  fall  on  a  site  in  the  Aratostaphylos   phase  in 
west-central  Montana.   Her  findings  should  be  useful  for  predicting  response  of 
Vaooinium  globulare   to  management  activities. 

This  PSME/VAGL   h.t.  includes  a  combination  of  stands  formerly  classified  as 
Pseudotsuga/Vaooinium  globulare   h.t.  and  Pseudotsuga/Xerophyllum  tenax   h.t.  (fig.  57, 
page  137)  in  our  preliminary  classifications.   In  final  analysis  it  seemed  most  realis- 
tic to  treat  these  situations  as  three  phases  of  one  habitat  type. 

Other  studies. --Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  have  identified  a  few  stands  as  this  habitat  type  in  central 
Idaho;  it  has  evidently  not  been  noted  or  recognized  elsewhere. 

Pseudotsuga  menziesii/Linnaea  borealis   h.t. 
(PSME/LIBO;   Douglas-fir/twinf lower) 

Distribution. --PSME/LIBO   is  a  major  habitat  type  in  northwestern,  west-central, 
and  central  Montana,  where  it  occurs  on  relatively  moist  sites  for  the  Pseudotsuga 
series.   It  often  forms  a  transition  between  this  series  and  the  Picea,   Abies  grandis, 
or  Abies  lasiooarpa   series.  This  type  is  usually  found  on  moderate  slopes  and  all 
but  the  driest  (southeast  to  west)  aspects.   Elevations  vary  by  phase,  but  are  mostly 
2,600  to  4,000  feet  in  northwestern,  4,000  to  6,000  feet  in  west-central,  and  5,000  to 
6,500  feet  in  central  Montana. 

Vegetation. --Pseudotsuga   forms  the  climax  and  is  also  a  vigorous  member  of  serai 
communities.  Pinus  oontorta   is  a  major  component  of  young  stands  thioughout  the  VAGL 
and  CAHU   phases--collectively  the  cooler  sites  within  this  habitat  type.  Larix 
ocoidentalis   and  Pinus  ponderosa   are  often  components  of  serai  stands  in  northwestern 
and  west -central  Montana,  but  are  absent  eastward. 

Undergrowth  in  all  three  phases  is  characterized  by  a  mat  of  Calamagrostis 
rubesoens   in  which  Linnaea  borealis   is  common.   Also,  Arotostaphylos  uva-ursi,    Spiraea 
betulifolia,    and  Arnica  cordi folia   or  A.    latifolia   are  typically  found.   Other 
characteristics  of  the  undergrowth  vary  by  phase. 

Calamagrostis  rubescens    (CAW)   phase. --This  phase  occupies  relatively  cold,  dry 
sites  within  the  habitat  type.   It  occurs  mostly  in  west-central  and  central  Montana 
at  4,800  to  6,000  feet  on  cool  exposures,  but  is  found  as  high  as  7,250  feet  in  the 
Big  Hole  River  drainage  of  southwestern  Montana.  Pinus  contorta   is  a  major  component 
of  serai  stands.   Undergrowth  is  distinguished  by  scarcity  of  Vaccinium  globulare   and 
Symphoricarpos  albus.      Vaccinium  scoparium   is  often  well  represented,  showing  this 
phase's  resemblance  to  the  neighboring  (colder)  ABLA/LIBO   h.t.,  VASC   phase.   The 
undergrowth  in  representation  of  Arnica  latifolia   and  moist-site  forbs  Osmorhiza 
chilensis,   Smilacina  stellata,    and  Thalictrum  occidentale   is  intermediate  between  that 
of  the  SYAL   and  VAGL   phases. 
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Symphorioarpos  albus    (SYAL)   phase. --The  SYAL   phase  occurs  on  benches  and  cool 
exposures  having  moist  and  mild-temperature  environments.   It  was  sampled  at  2,600 
to  3,800  feet  in  northwestern,  4,000  to  5,000  feet  in  west-central,  and  near  6,000  feet 
in  central  Montana.   In  contrast  to  other  phases,  Pinus  oontorta   is  seldom  a  component 
of  serai  stands.  Symphorioarpos  albus   is  well  represented  in  the  undergrowth,  while 
Vaocinium  globulare,    V.    sooparium,    and  Xerophyllum   are  poorly  represented.  Arniaa 
oordifolia   is  common  and  A.    lati folia   rare,  reflecting  warmer  environmental  conditions. 
Also,  moist-site  forbs  Osmorhiza  ohilensis,  Smilioina  stellata,    and  Thaliotrum  oooi- 
dentale   are  conspicuous  in  this  phase. 

Vacoinium  globulare    (VAGL)   phase. --This  phase  occupies  the  coolest,  most  moist 
sites  within  the  habitat  type;  it  was  found  mostly  in  west-central  Montana  between 
4,250  and  6,000  feet  elevation  on  cool  exposures.  Pinus  oontorta    is  a  major  component 
of  serai  stands,  and  Vacoinium  globulare   is  well  represented  in  the  undergrowth.   The 
coolness  of  these  sites  is  indicated  by  the  presence  of  Xerophyllum   in  about  half  of 
the  sample  stands  and  by  Arnica  latifolia   being  as  abundant  as  Arnica  cordifolia;    the 
phase  thus  shows  an  affinity  with  the  Abies   lasiocarpa   series. 

Soil. --Out   stands  were  on  a  variety  of  primarily  noncalcareous  parent  materials 
(appendix  D-l) .   Surface  soils  were  acidic,  gravelly  sandy  loams  to  silty  clay  loams. 
Little  rock  or  bare  soil  were  exposed.   Duff  depths  averaged  4.6  cm  in  the  SYAL   phase, 
6.1  cm  in  the  CARD   phase,  and  3.5  cm  in  the  VAGL   phase. 

Productivity /Management . --Timber  productivity  is  moderate  in  western  Montana, 
and  low  to  moderate  eastward  (appendix  E) .   The  highest  productivities  were  in  the 
CARU   phase.  The  prevalence  of  Calamagrostis  rubescens   in  all  phases  should  be 
considered  in  site  preparation  plans.   However,  competition  for  moisture  should  be 
less  severe  than  in  the  PSME/CARU   and  PSME/SYAL   h.t.s.   Light  to  moderate  use  by  deer 
and  often  by  elk  was  evident  in  most  sample  stands. 

Other  studies . --Two  sample  stands  from  R.  and  J.  Daubenmire's  (1968)  Pseudotsuga/ 
Calamagrostis  h.t.  contained  Linnaea  borealis  and  appear  similar  to  our  PSME/LIBO  h.t. 
Ogilvie's  (1962)  Pseudotsuga/ 'Arctostaphylos   h.t.  contained  Linnaea   and  is  also  similar. 

Pseudotsuga  menziesii/ Symphorioarpos  albus   h.t. 
(PSME/SYAL;    Douglas -fir/snowberry) 

Distribution. — PSME/SYAL   is  one  of  the  more  common  habitat  types  and  is  found 
throughout  Montana  on  moderately  warm  slopes  and  benches.   Occasionally  it  occurs  on 
northerly  aspects  near  the  lower  distribution  of  Pseudotsuga   in  the  foothills  of  drier 
mountain  ranges. 

Vegetation. --Serai  stands  at  lower  elevations  are  frequently  dominated  by  Pinus 
ponderosa.      At  higher  elevations  Pseudotsuga   dominates  most  stages  of  succession. 
Occasionally  Pinus  oontorta   is  a  minor  serai  species.   The  dominant  undergrowth  species 
is  usually  Symphoricarpus  albus;   variations  in  undergrowth  composition  are  described 
for  three  phases. 

Agropyron  spicatum   (AGSP)   phase. --This  phase  occupies  sites  on  the  droughty 
extreme  of  the  habitat  type;  stands  are  somewhat  open  and  often  appear  similar  to 
those  of  the  three  Pseudotsuga/bunchgrass   h.t.s,  reflecting  a  transitional  environ- 
ment. The  phase  is  generally  restricted  to  west-central  Montana,  where  it  occurs  on 
warm,  dry  southerly  exposures.  Agropyron  spicatum,   Festuca  idahoensis ,  and/or 
Balsamorhiza  sagittata   are  well  represented  in  undisturbed  old-growth  stands.  Pinus 
ponderosa   is  a  major  serai  dominant,  and  Pinus  oontorta   and  Larix  occidentalis   are 
absent. 
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Calamagrostis  rubescens    (CARU)   phase. --Over  half  of  the  sample  stands  in  this 
habitat  type  had  Calamagrostis  rubescens   and  Carex  geyeri   as  major  components  of 
the  undergrowth  (fig.  18) .   In  northwestern  and  west-central  Montana  elevations  were 
mostly  between  2,700  and  5,500  feet.   Eastward,  elevations  of  sample  stands  were  higher 
(5,300  to  7,000  feet).  Pinus  ponderosa   is  a  serai  dominant  in  northwestern  and  west- 
central  Montana.  Pinus  contorta   is  a  minor  serai  component,  increasing  in  abundance 
to  the  east.  Larix  ocaidentalis   is  generally  absent.   In  many  stands  Pseudotsuga 
dominates  most  stages  of  succession. 

No  consistent  environmental  differences  were  found  to  distinguish  this  phase  from 
the  SYAL   phase.   However,  the  abundance  of  rhizomatous  graminoids  seems  important  to 
recognize . 

Symphorioarpos  albus    (SYAL)   phase . --Bunchgrasses ,  Calamagrostis  rubescens,   and 
Carex  geyeri   are  poorly  represented  in  old-growth  stands.   Elevations  of  sample  stands 
ranged  from  3,600  to  6,400  feet  west  of  the  Continental  Divide  and  from  4,800  to  7,200 
feet  eastward.  Pinus  ponderosa   is  a  major  serai  component  on  sites  within  its  range, 
while  Pinus  contorta   and  Larix  occidentalis   are  essentially  absent.   In  many  stands 
Pseudotsuga   dominates  most  stages  of  succession. 


Figure   18. — Pseudotsuga  menziesii/Symphoricarpos  albus  h.t.       (Calamagrostis  phase) 
on  a  broad  ridge   (63000  feet  elev.)   in  the  Big  Belt  Mountains  east  of  Townsend  in 
central  Montana.      Serai   Pinus  contorta  dominates  the  overstory  along  with  some 
Pseudotsuga;  Symphoricarpos  and   Calamagrostis  dominate  the  undergrowth. 
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Soil. --The  PSME/SYAL   h.t.  was  sampled  on  a  variety  of  calcareous  and  noncalcareous 
parent  materials  (appendix  D-l).   Surface  soils  were  gravelly  (33  percent)  sandy  loams 
to  silts  with  acidic  reactions  (slightly  basic  on  some  of  the  calcareous  parent 
materials).   Little  surface  rock  was  evident  in  the  CARU   and  SYAL   phases,  although  an 
average  of  7  percent  was  noted  in  the  AGSP   phase.   Only  small  amounts  of  bare  soil 
were  exposed;  duff  depth  averages  2.6  cm  in  the  AGSP   phase,  3.6  cm  in  the  CARU   phase, 
and  4.1  cm  in  the  SYAL   phase. 

Productivity /Management .--Timber  productivity  of  this  type  ranges  from  low  to 
high  in  western  Montana  and  from  low  to  moderate  eastward  (appendix  E) .   Basal  area 
stocking  is  good  in  the  CARU   and  SYAL   phases,  but  the  AGSP   phase  may  have  stockability 
limitations  and  also  has  the  lowest  site  index  values.   Regeneration  may  be  difficult  in 
the  droughty  AGSP   phase.   The  prevalence  of  rhizomatous  graminoids  in  the  CARU   phase 
should  be  considered  in  site  preparation  plans. 

Moderate  use  by  deer  and  occasionally  by  elk  and  moose  was  evident  in  most  stands 
in  the  CARU   and  SYAL   phases. 

Other  studies. --Our  SYAL   phase  is  similar  to  most  of  R.  and  J.  Daubenmire's  (1968) 
Pseudotsuga/Symphoriaarpos   h.t.;  two  of  their  stands  are  similar  to  our  CARU   phase. 
Ogilvie's  (1962)  Pseudotsuga/Symphoriaarpos   h.t.  and  the  part  of  his  Pseudotsuga/ Calama- 
grostis   h.t.  having  Symphoriaarpos   "well  represented"  are  comparable  to  our  CARU   phase. 
Most  of  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  PSME/SYAL   h.t.  in  central  Idaho  is  also  comparable  to  our  CARU   phase. 


Pseudotsuga  menziesii/Calamagrostis  rubesaens   h.t. 
(PSME/CARU;    Douglas-fir/pinegrass) 

Distribution. --PSME/CARU   is  the  most  ubiquitous  habitat  type  in  the  Pseudotsuga 
series  in  Montana.   It  occurs  on  moderately  dry  mountainsides  and  upper  slopes.   At 
the  lower  elevations  it  often  occupies  northerly  aspects  or  benches,  shifting  to 
southerly  positions  at  high  elevations.   It  often  represents  the  highest  extension  of 
the  Pseudotsuga   series. 

Vegetation. --Serai  tree  species  include  Pinus  ponderosa,    Pinus  contorta,    Larix 
ocaidentalis ,    and  occasionally  Pinus  albiaaulis .      As  shown  in  figure  19,  tree  composi- 
tion varies  considerably  by  phase;  Pseudotsuga,   however,  succeeds  quite  well  and 
dominates  most  stands.   Old-growth  stands  often  have  a  park-like  appearance. 

Undergrowth  composition  also  varies  by  phase;  however,  some  features  are  char- 
acteristic of  the  habitat  type  in  general.   As  R.  and  J.  Daubenmire  (1968)  have  noted, 
the  undergrowth  is  a  brilliant  green  grassy  layer  with  uniformity  enhanced  by  the  lack 
of  inflorescences.  Carex  geyeri   is  often  well  represented  and  may  even  dominate 
Calamagrostis.      Aretostaphylos  uva-ursi   is  occasionally  well  represented.   The  most 
abundant  forb  in  the  97  sample  stands  was  Arnica  cordifolia;   other  characteristic  forbs 
include  Antennaria  racemosa,   Aster  aonspiouus,    and  Fragaria  virginiana.     Spiraea 
betulifolia   is  occasionally  well  represented,  but  such  stands  were  similar  in  other 
respects  to  stands  having  little  or  no  Spiraea.     Therefore,  we  gave  Spiraea   less 
weight  as  an  indicator  than  Calamagrostis  rube sc ens ,  unlike  R.  and  J.  Daubenmire 
(1968)  and  Robert  Steele  and  others  (1975  preliminary  draft  of  forest  habitat  types  of 
central  Idaho,  USDA  Forest  Service,  Intermountain  Station) . 

Figure  19  shows  some  of  the  major  vegetational  differences  among  the  four  phases 
of  this  habitat  type.   The  elevation  distributions  of  these  phases  are  shown  in  table  2. 


47 


Pinus 

-ponderosa 

series 


Pinus  albicaulis 


Pinus  contorta  &  Larix  occidentalis 


Pseudotsuga  menziesii 


Pinus  ponderosa 


Calamagrostis  rubescens 

Arctostaphylos  uva-ursi 

Agropyron  spicatum,  etc. 
(well  represented) 


Abies 
asiocarpa- 
series 


Figure  19. — Generalised  distribution  of  key  indicator  species  within  phases  of  the 

Pseudotsuga/Calamagrostis  habitat  type. 

Table  2 . - -Elevational  range    (in  feet)   of   Pseudotsuga/Calamagrostis  h.t. 
sample  stands  by  phase  in  geographic  subdivisions  of  Montana 
(as  shown  in  fig.    1) 


:          Geographic  subdivision 

of  Montana 

Phase  of  the 
habitat  type 

Northwestern 

:   West-central   : 
:   and  central   : 

Southwestern  and 
south-central 

AGSP 
PIPO 

ARUV 
CARU 

2,700  to  3,500 
3,500  to  4,800 
3,000  to  4,000 
4,700  to  5,300 

4,400  to  5,300 
4,800  to  6,000 
4,000  to  5,400 
5,300  to  7,000 

none 
none 
none 
6,500  to  7,800 

Agropyron  spicatum   (AGSP)   phase. --This  phase  is  most  common  in  west-central 
Montana  where  it  occupies  the  droughty  extremes  of  the  PSME/CAEU   h.t.   Bunchgrasses 
Agropyron  spicatum,  Festuca  idahoensis ,  or  F.    scabrella,   are  well  represented  and  not 
obviously  serai  in  mature  stands.   Also  in  contrast  to  other  phases,  Balsamorhiza 
sagittata   is  usually  well  represented  on  these  sites.  Pinus  ponderosa   is  the  major 
serai  component  of  the  overstory,  and  Pinus  contorta   and  Larix  occidentalis   are  absent 
on  these  dry  sites.  Pseudotsuga   increases  its  coverage  slowly  beneath  pine-dominated 
stands.  This  phase  represents  a  transitional  environment  between  the  PSME/CARU   and 
the  various  PIPO/   or  PSAffi/bunchgrass  h.t.s. 
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Figure  20.  — Pinus  ponderosa  phase    (PSME/CARU  h. t.  )   on  a  steep  south- facing  slope 
(435S0  feet  elev.)   southwest  of  Eureka  in  northwestern  Montana.      Pinus  ponderosa 
is  the  long-lived  serai  dominant. 

In  contrast  to  other  phases  in  the  PSME/CARU   h.t.,  Calamagrostis  rubesoens 
decreases  following  overstory  removal.   Sites  apparently  become  too  dry  and  warm  for 
Calamagrostis   and  it  will  become  well  represented  again  only  as  the  overstory  closes, 
creating  a  cooler  microclimate. 


Pinus  ponderosa   (PIPO)   phase. --This  warm  phase  is  found  mostly  between  4,500  and 
6,000  feet  elevation  on  south-facing  slopes  (fig.  20).   It  is  common  in  west-central  and 
northwestern  Montana,  and  occurs  locally  in  central  Montana.   It  is  similar  to  the 
AGSP  phase  in  that  it  does  not  support  Pinus  oontorta   or  Larix  oooidentalis    (fig.  19), 
but  is  less  droughty.  Pinus  ponderosa   is  common  (>_  10  trees/acre)  and  typically 
codominant  with  Pseudotsuga   under  serai  conditions. 

Indicators  for  the  Agropyron  spioatum   phase  are  poorly  represented  in  mature 
stands.  Calamagrostis  rubesoens   may  or  may  not  maintain  high  coverage  after  logging  or 
fire.   In  contrast  to  the  usual  situation  for  the  habitat  type,  Calamagrostis  rubesoens 
flowers  profusely  in  some  of  the  relatively  open  but  undisturbed  stands.   This  phase 
is  bordered  upslope  by  the  cooler  CARD   phase. 

Arotostaphylos  uva-ursi    (ARUM)   phase. --This  phase  occurs  on  warm,  well-drained 
benches  and  gentle  slopes.  Topographically  and  climatically  these  sites  are  similar 
to  but  slightly  drier  than  those  of  the  PSME/VACA   h.t.   This  minor  phase  is  common  in 
west-central  Montana  and  is  found  occasionally  in  northwestern  Montana,  as  well  as  on 
the  Helena  National  Forest  in  the  central  part  of  the  State. 

These  stands  are  typically  dominated  by  serai  Pinus  ponderosa;   however,  small 
amounts  of  P.    oontorta   or  Larix  oooidentalis   are  also  present,  reflecting  more  moisture 
than  the  other  warm  phases  {AGSP   and  PIPO)    of  the  habitat  type. 
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Avotostaphylos  uva-uvsi,   Calamagvostis  vubesoens,   and  Cavex  geyevi   form  the 
dominant  undergrowth.   In  a  few  serai  stands  Calamagvostis   is  not  well  represented, 
but  nevertheless  is  common. 


This  phase  should  not  be  confused  with  the  PSME/ARUV   h.t 
distinctly  drier  sites  in  central  Montana. 


which  is  found  on 


Calamagvostis  vubesoens    (CARU)   phase. --This  phase  makes  up  the  bulk  of  the  PSME/ 
CARU   h.t.  (62  out  of  the  97  sample  stands)  (fig.  21).  Calamagvostis  vubesoens   is  well 
represented,  and  bunchgrasses  are  poorly  represented  in  mature  stands,  although  they 
may  increase  with  disturbance.  As  shown  in  table  2,  elevations  are  higher  than  for 
the  other  phases,  and  the  sites  are  too  cold  for  any  appreciable  representation  of 
Pinus  pondevosa.      Drought  is  evidently  less  severe  than  in  the  AGSP   and  PIPO   phases, 
allowing  Pinus  contovta   to  become  a  serai  component  of  many  stands.  Lavix  oocidentdlis 
is  found  in  some  stands  in  northwestern  Montana.   East  of  the  Continental  Divide, 
Pinus  albicaulis   may  be  well  represented  at  the  upper  limits  of  this  phase. 

Soil. — Our  stands  were  on  a  variety  of  primarily  noncalcareous  parent  materials 
(appendix  D-l) .   Surface  soils  were  acidic,  ranging  in  texture  from  gravelly  sandy 
loams  to  gravelly  silts.   Surface  rock  exposure  averaged  5  to  6  percent  in  the  AGSP   and 
ARUV   phases  and  2  to  3  percent  in  the  CARU   and  PIPO   phases.   Bare  soil  exposure  was 
minimal  and  duff  depth  averaged  about  4  cm  in  all  phases. 


Figure  21.  —Calamagrostis  phase    (PSME/CARU  h.t.)  on  a  steep  southwest  exposure    (6,900 
feet  elev.  )   southwest  of  Missoula.      This  site  is  above  the  cold  limits  of   Pinus 
ponderosa 
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Productivity /Management . --Timber  productivity  is  low  to  moderate  in  the  PSME/CARU 
h.t.  (appendix  E) .   The  ARUV  phase  averaged  highest  in  productivity;  the  CARU  phase 
was  lowest.   Clearcutting  and  shelterwood  systems  will  favor  serai  species,  while 
partial  cutting  will  lead  to  eventual  dominance  by  Pseudotsuga   in  most  cases. 
Extensive  scarification  may  be  needed  to  reduce  grass  competition  for  successful 
regeneration. 

Although  forage  production  is  low,  cattle  and  horse  use  is  evident  on  many  gentle 
slopes.   Moderate  winter  use  by  deer  and  elk  is  apparent  in  the  AGSP   and  ARUV   phases. 
The  PIPO   and  CARU   phases  show  light  to  moderate  use,  evidently  in  spring  and  fall. 

Other  studies. --Similar  habitat  types  have  been  described  from  Wyoming  (Cooper 
1975)  and  central  Idaho  (Robert  Steele  and  others,  1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  to  Alberta  (Ogilvie  1962),  British  Columbia  (Brayshaw 
1965;  McLean  1970),  northern  Idaho,  Washington  (R.  and  J.  Daubenmire  1968),  and 
eastern  Oregon  (Hall  1973). 

Pseudotsuga  mensiesii/Carex  geyeri   h.t. 
(PSME/CAGE;    Douglas-fir/elk  sedge) 

Distribution. --The  PSME/CAGE   h.t.  is  similar  to  but  apparently  somewhat  drier 
than  the  PSME/CARU   h.t.   East  of  the  Continental  Divide  PSME/CAGE   is  locally  abundant, 
but  is  much  less  common  than  PSME/CARU .      Limited  areas  of  it  are  found  in  west-central 
Montana.   Stands  are  generally  between  6,100  and  7,600  feet  in  elevation  on  mid-  and 
upper  slopes  having  southern  exposure.  PSME/CAGE  may  be  an  ecological  replacement  for 
PSME/CARU   beyond  the  limits  of  Calamagrostis  rubescens ,  especially  in  south-central 
Montana.   Elsewhere  PSME/CAGE   often  occurs  on  south  exposures,  adjacent  to  north-facing 
PSME/CARU   sites. 

Vegetation. --Pseudotsuga   is  normally  the  only  coniferous  tree  in  serai  stands. 
Many  sites  are  above  the  elevational  limits  of  Pinus  ponderosa   and  are  too  dry  for 
Pinus  aontorta.     Pinus  flexilis   was  present  in  one  stand  with  limestone  parent  material, 
and  Pinus  albicaulis   was  codominant  with  Pseudotsuga   in  another  high-altitude  stand 
approaching  subalpine  conditions. 

Carex  geyeri   is  usually  abundant  and  Arnica  cordifolia   well  represented.   Small 
quantities  of  Juniperus  communis   and  Spiraea  betulifolia   often  occur,  along  with  many 
species  of  forbs  including  Osmorhiza  chilensis ,  Thalictrum  occidentale ,  and  Smilacina 
racemosa.     Calamagrostis  rubescens   is  poorly  represented  on  these  dry  sites. 

Soil. --Out   stands  were  on  calcareous  and  noncalcareous  parent  materials  of  sedi- 
mentary and  metamorphic  origin  (appendix  D-l).   Surface  soils  were  acidic  to  slightly 
basic,  gravelly  (42  percent)  sandy  loams  to  silts.   Little  surface  rock  or  bare  soil 
were  exposed;  duff  depth  averaged  4.7  cm. 

Productivity / Management . --Management  implications  are  similar  to  those  for  the 
PSME/CARU   h.t.,  CARU   phase,  although  timber  productivity  is  somewhat  less  (appendix 
E-4) .   Regeneration  may  also  be  more  difficult  on  these  drier  sites  and  overstory 
species  manipulations  are  essentially  restricted  to  Pseudotsuga.      Evidence  from  sample 
plots  suggests  that  this  habitat  type  receives  moderate  use  by  mule  deer. 

Other  studies. --k  PSME/CAGE   h.t.  was  not  recognized  by  R.  and  J.  Daubenmire 
(1968),  Carex  geyeri   being  considered  an  ecological  equivalent  of  Calamagrostis. 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  report  extensive  occurrence  of  the  PSME/CAGE   h.t.  in  central  Idaho. 
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Pseudotsuga  menziesii /Spiraea  betulifolia   h.t. 
(PSME/SPBE;   Douglas-fir/white  spiraea) 

Distribution. --This   minor  habitat  type  is  found  on  relatively  warm,  dry  slopes 
at  lower  elevations—generally  3,500  to  4,200  feet  in  west-central  Montana  and  5,300 
to  5,800  feet  east  of  the  Continental  Divide.  Aspect  is  mostly  south  and  west,  but 
may  be  north  at  lowest  elevations  or  on  limestone  substrates. 

Vegetation. — Pinus  ponderosa   is  usually  a  major  serai  dominant,  except  in  areas 
such  as  north  of  Rogers  Pass  (southwest  of  Great  Falls)  where  severe  winter  winds  and 
widely  fluctuating  temperatures  cause  "red  belt"  mortality.   Undergrowth  associates  of 
Spiraea   include  Arnica  oordi folia,   Aster  conspicuus,   Fragaria  virginiana,   Allium  cernuum, 
and  Berberis  repens.      Sites  are  apparently  too  dry  for  appreciable  amounts  of  Calama- 
grostis  rubescens,   Carex  geyeri,    or  Symphoricarpos  albus   to  develop. 

Soil. --Our  stands  were  on  calcareous  and  noncalcareous  sedimentary  and  metamorphic 
parent  materials  (appendix  D-l).   Surface  soils  were  acidic  to  slightly  basic  gravelly 
(40  percent)  sandy  loams  to  silts.   A  moderate  amount  of  surface  rock  (5  percent)  was 
evident,  but  little  bare  soil  was  exposed.   Duff  depth  averaged  2.5  cm. 

Productivity /Management. — Timber  productivity  of  the  PSME/SPBE   h.t.  is  moderate 
in  western  Montana  but  low  eastward  (appendix  E.)  Most  sample  stands  had  evidence 
of  moderate  use  by  mule  deer. 

Other  studies. --Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  defined  a  broader  PSME/SPBE   h.t.  for  central  Idaho 
which  may  contain  considerable  amounts  of  Calamagrostis .      R.  and  J.  Daubenmire  (1968) 
treated  Spiraea  betulifolia   as  an  ecological  equivalent  of  Symphoricarpos  albus. 

Pseudotsuga  menziesii /Arctostaphylos  uva-ursi   h.t. 
{PSME/ARUV;   Douglas -fir /kinnikinnick) 

Distribution. — PSME/ARUV   is  one  of  the  warmest  and  driest  habitat  types  in  the 
Pseudotsuga   climax  series.   It  is  found  mostly  in  central  Montana  between  elevations 
of  4,600  and  5,600  feet  on  the  Helena  National  Forest,  and  between  4,700  and  6,500  feet 
on  the  east  Lewis  and  Clark  National  Forest.   Aspect  is  generally  south,  and  stands 
often  occur  on  calcareous  substrates. 

Vegetation. — Pinus  ponderosa   is  a  major  serai  associate  of  Pseudotsuga.      Scattered 
individuals  of  Pinus  flexilis   may  occur  on  sites  having  limestone  parent  material. 
Sites  are  apparently  too  dry  for  Pinus  contorta. 

Arctostaphylos  uva-ursi   and  Juniperus  communis   are  dominants  in  the  undergrowth. 
Spiraea  betulifolia   is  often  well  represented,  and  dry-site  species  including  Agropyron 
spicatum,   Festuca  idahoensis,   F.    scabrella,  Apocynum  androsaemi folium,    Balsamorhiza 
sagittata,    and  Lithospermum  ruderale   are  common. 

Soil. — Our  stands  were  on  calcareous  and  noncalcareous  sedimentary  and  metamorphic 
parent  materials  (appendix  D-l).   Surface  soils  were  acidic  to  slightly  basic  gravelly 
(36  percent)  loams  to  silt  loams.   Little  rock  and  moderate  (5  percent)  bare  soil  were 
exposed;  average  duff  depth  was  6.0  cm. 

Productivity /Management . — Timber  productivity  is  low  (appendix  E) .   High 
soil -surface  temperatures  coupled  with  low  soil  moisture  may  hamper  regeneration  of 
logged  stands.   Stands  might  be  managed  for  Pinus  ponderosa   using  partial  cuttings. 
Pseudotsuga   appears  to  be  a  poor  choice  for  timber  production  on  these  sites  based 
on  site  index  comparison  (appendix  E-l). 
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Sites  are  relatively  warm  and  free  of  snow  through  much  of  the  winter,  and 
several  important  big-game  forage  species  are  found  in  this  habitat  type  (appendix 
C-l).   Sample  stands  showed  evidence  of  moderate  to  heavy  use  by  mule  deer. 

Other  studies. --This  habitat  type  has  not  been  described  elsewhere. 

Pseudotsuga  menziesii/Juniperus  communis   h.t. 
(PSME/JUCO;    Douglas-fir/common  juniper) 

Distribution. — The  PSME/JUCO   h.t.  is  locally  abundant  in  central  and  southwestern 
Montana,  mostly  at  6,400  to  7,100  feet  on  the  Deerlodge,  5,300  to  6,800  feet  on  the  Lewis 
and  Clark  (fig.  22),  and  7,500  to  7,800  feet  on  the  Beaverhead  National  Forest.   It  is 
found  on  gentle,  north-facing  slopes  on  decomposed  granite  substrates  on  the  Deerlodge 
National  Forest.   On  the  Lewis  and  Clark  National  Forest,  moderately  steep  south  exposures 
with  limestone  substrates  are  typical  sites.   The  general  environment  is  cool  and  dry  or 
excessively  well -drained. 

Vegetation. --PSME/JUCO   is  apparently  one  of  the  driest  habitat  types  in  the 
Pseudotsuga   series  that  still  supports  Pinus  contorta.      On  granitic  substrates  Pinus 
contorta   is  a  persistent  serai  species  and  succession  to  Pseudotsuga   is  very  slow.   In 
contrast,  on  calcareous  parent  materials  Pinus  contorta   and  Pinus  flexilis   are  only 
minor  serai  components,  with  Pseudotsuga   dominating  even  in  young  stands. 


Figure  22. — Pseudotsuga  menziesii/Juniperus  communis  h.t.    on  a  gentle  southwest  expo- 
sure   (6,800  feet  elev. )   in  the  Little  Belt  Mountains  northeast  of  White  Sulphur 
Springs  in  central  Montana.      The  overstory  is  pure,   old-growth   Pseudotsuga,  and 
undergrowth  is  dominated  by   Juniperus  and   Arnica  cordifolia. 
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Juniperus  communis    (occasionally  accompanied  by  J.    horizontalis)    is  the  dominant 
undergrowth  species.  Arctostaphylos  uva-ursi   is  often  present,  but  is  usually  poorly 
represented.  This  may  indicate  some  relationship  to  the  PSME/ARUV   h.t.   However, 
PSME/JUCO   occupies  a  cooler  environment  which  supports  Pinus  contorta,   while  PSME/ARUV 
is  characterized  by  warmer,  Pinus  ponderosa- supporting   sites.   Small  quantities  of 
Spiraea  betulifolia   are  often  present  along  with  the  forbs  Arnica  cordifolia,   Aster 
conspicuus,   Astragalus  miser,    and  Fragaria  virginiana.      Grasses  are  relatively  incon- 
spicuous except  in  young  serai  stands. 

Soil. --Out   stands  were  on  a  variety  of  sedimentary  and  igneous  parent  materials 
(appendix  D-l).   Surface  soils  were  acidic  to  slighltly  basic,  gravelly  (27  percent), 
sandy  loams  to  silts.   Little  surface  rock  or  bare  soil  were  exposed;  duff  depth  aver- 
aged 4.2  cm. 

Productivity /Management. --Timber  productivity  is  low  to  moderate  (appendix  E)  . 
Over stories  are  strongly  even-aged;  however,  sites  appear  droughty  and  regeneration 
might  be  difficult  to  obtain  following  clearcutting.  Pinus  contorta   should  be  the 
major  species  for  timber  management  on  granitic  substrates,  while  Pseudotsuga   should  be 
the  primary  species  on  calcareous  substrates.  PSME/JUCO   sample  stands  had  been  used 
heavily  by  mule  deer  and  occasionally  by  elk.  Juniperus  communis   and  J.    horizontalis 
may  be  important  browse  species. 

Other  studies. — A  PSME/JUCO   h.t.  has  also  been  recognized  in  central  Idaho  by 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station) . 

Pseudotsuga  menziesii/ Arnica  cordifolia   h.t. 
{PSME/ARCO;   Douglas-fir/heartleaf  arnica) 

Distribution. — PSME/ARCO   is  a  cool,  dry  habitat  type  occurring  on  relatively  gentle 
slopes  on  all  aspects  from  5,900  to  7,000  feet  elevation  in  central  Montana  and  from 
6,700  to  8,000  feet  in  southwestern  Montana  (fig.  23).   Stands  generally  appear 
similar  to  PSME/CARU   h.t.,  CARU   phase,  but  they  are  too  dry  to  support  Calamagrostis 
and  Carex  geyeri.      Thus,  only  a  dry  forb  undergrowth  remains. 

Pseudotsuga   is  generally  the  only  tree  in  PSME/ARCO   stands.   Undergrowth  is 
variously  dominated  by  Arnica  cordifolia,   Antennaria  racemosa,    and  Astragalus  miser. 
In  many  old-growth  or  dense  younger  stands  undergrowth  is  very  sparse,  and  the  above 
species  may  be  poorly  represented  yet  still  dominant.  Juniperus  communis   and  Fragaria 
spp.  are  also  components  of  the  undergrowth.   Occasionally  Juniperus   forms  large, 
scattered  patches,  but  it  is  clearly  subordinant  to  forbs  in  total  coverage.   Bunch- 
grasses  Agropyron  spicatum,   Festuca  idahoensis,    and  F.    scabrella,    as  well  as  Poa  nervosa 
are  often  weakly  represented  in  old-growth  stands  and  may  become  abundant  following 
overstory  removal . 

Soil. --Our   stands  were  on  a  variety  of  primarily  noncalcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  gravelly  (30  percent)  sandy  loams  to  silts  with 
reactions  ranging  from  acidic  to  slightly  basic  (on  limestone) .   A  moderate  amount  of 
surface  rock  (4  percent)  was  exposed  with  no  bare  soil  evident;  duff  depth  averaged 
4.3  cm . 

Productivity /Management. — Timber  productivity  is  low  (appendix  E) .   The  PSME/ARCO 
h.t.  frequently  occurs  adjacent  to  montane  grasslands,  suggesting  that  severe  cutting 
or  burning  might  result  in  converting  the  stand  to  prairie  for  a  long  period.   Group 
selection  cutting  would  probably  duplicate  the  natural  regeneration  patterns  observed 
in  sample  stands. 
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Figure  23. — Pseudotsuga  menziesii/Arnica  cordifolia  h.t.    on  a  gentle  northwest  exposure 
(7,050  feet  elev.)   in  a  dry  mountain  range  north,  of  Whitehall  in  southwestern  Montana. 
The  over  story  is  purely  old-growth   Pseudotsuga  and  undergrowth  is  principally 
Arnica  cordifolia. 

Young  serai  stands  should  provide  considerable  forage  for  cattle  and  big  game. 
Mature  stands  have  a  poor  representation  of  forage  species  but  are  often  used  for  bedding 
and  cover  by  both  mule  deer  and  domestic  stock. 

Other  studies. — The  PSME/ARCO   h.t.  has  also  been  described  by  Robert  Steele  and 
others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  in 
central  Idaho. 

Pseudotsuga  menziesii/Symphoriearpos  oreophilus   h.t. 
{PSME/SYOR;    Douglas-fir/mountain  snowberry) 

Distribution. — Minor  amounts  of  PSME/SYOR   were  found  at  two  locations  in  south- 
western Montana.   These  represent  eastward  extensions  of  the  PSME/SYOR   h.t.,  SYOR   phase 
that  is  fairly  common  in  east-central  Idaho,  according  to  Robert  Steele  and  others 
(1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station). 

One  stand  was  sampled  west  of  Wisdom  in  the  Bighole  River  drainage;  the  other  was 
observed  at  Cliff  Lake  on  the  Madison  River.   Both  sites  are  on  steep  south-facing  slopes 
near  6,500  feet.   In  each  case  PMSE/CARU   h.t.,  CARU   phase  occupies  adjacent,  less  arid 
sites. 

Vegetation. --In  both  stands  the  overstory  is  nearly  pure  Pseudotsuga,   and  the  trees 
are  heavily  limbed  and  rather  short.   Undergrowth  is  dominated  by  Symphorioarpos 
oreophilus   along  with  lesser  amounts  of  Agropyron  spioatum   and  Artemisia  tridentata   ssp. 
vaseyana;   other  species  have  only  minor  coverages. 


Soil. — Soils  observed  were  shallow,  coarse-textured,  rocky,  and  excessively  well 
drained.   Parent  material  was  not  calcareous. 


Productivity /Management. — Timber  productivity  and  management  implications  are 
probably  similar  to  those  expressed  for  PSME/AGSP   h.t.  as  it  occurs  in  southwestern 
Montana  where  Pinus  ponderosa   is  absent. 

Other  studies. — Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  have  provided  a  more  detailed  description  of  this  habitat 
type  in  central  Idaho.   Reed  (1969,  1976)  also  described  a  Pseudotsuga/Symphorioarpos 
oreophilus   h.t.  in  Wyoming  which  represents  a  much  broader  concept. 

Picea  Series 

Distribution. — The  Pioea   series  is  found  on  moderately  moist  and  cool  sites  between 
the  Pseudotsuga   series  (drier  and  warmer  sites)  and  the  Abies   lasioaarpa   series  (more 
moist  and  cooler  sites)  (fig.  4).   It  covers  a  significant  percentage  of  the  landscape 
in  the  Flathead  Valley  and  in  central  and  south-central  Montana.   By  contrast,  elsewhere 
in  the  State  it  is  limited  to  where  Pioea   extends  down  cool  ravines  slightly  below  the 
lower  limits  of  Abies  lasioaarpa. 

In  northwestern  Montana,  as  in  northern  Idaho  (R.  and  J.  Daubenmire  1968),  Pioea 
is  often  a  major  component  of  stands  in  the  Abies  grandis,    Thuja,    and  Tsuga   series 
(appendix  B) .   Going  eastward  beyond  the  range  of  these  maritime  conifers,  Pioea   may 
replace  them. 

The  occurrence  of  Pioea   below  the  limits  of  Abies   lasioaarpa   may  also  be  related 
to  hybridization  of  Pioea  glauoa   and  P.    engelmannii    (Daubenmire  1974;  Habeck  and  Weaver 
1969) .  Pioea  glauoa   is  a  tree  of  northern  Canada  and  Alaska  whose  genetic  influence 
extends  south  in  the  Rockies  through  Montana.   In  contrast,  Pioea  engelmannii   is  a  sub- 
alpine  Rocky  Mountain  species  whose  genetic  influence  extends  northward  into  southern 
Canada.   Samples  of  ovuliferous  cone  scales  indicate  a  range  of  hybridization  in  Montana 
from  P.    glauoa   X  P.    engelmannii   hybrids  to  pure  P.    engelmannii    (table  3).   Our  limited 
sample  of  cone  material  did  not  indicate  a  strong  relationship  between  hybridization 
and  habitat  type  or  geographical  area.   Therefore,  we  did  not  attempt  to  distinguish 
species  of  Pioea   in  Montana.   We  agree  with  the  findings  of  Daubenmire  (1974)  that 
P.  glauoa   influence  is  generally  strongest  at  lower  elevations  and  that  of  P.    engel- 
mannii  is  generally  predominant  at  high  elevations. 

Vegetation. — Climax  stands  are  dominated  by  Pioea   but  composition  of  serai  stands 
is  variable  depending  upon  geographic  area  and  habitat  type.   In  well-drained  Pioea 
habitat  types  in  northwestern  Montana,  Pseudotsuga,   Larix  oaoidentalis ,    and  Pinus 
contorta   are  major  serai  components.   East  of  the  Continental  Divide,  Pseudotsuga   and 
Pinus  oontorta   are  major  serai  components  on  similar  sites. 

Undergrowth  composition  varies  widely  among  the  different  Pioea   habitat  types.   It 
is  often  similar  to  that  in  comparable  Abies  lasioaarpa   or  Pseudotsuga   habitat  types. 

Soil. — Soils  are  quite  variable  in  the  Pioea   series  (appendix  D-l).  PICEA/SEST 
and  PICEA/PHMA   h.t.s  occur  primarily  on  calcareous  substrates  while  PICEA/CLUN   and 
PICEA/VACA   h.t.s  were  found  only  on  noncalcareous  parent  materials.   Surface  rock  and 
bare  soil  exposure  are  minimal  throughout  the  series.   Duff  depths  are  considerable 
(average  greater  than  6  cm)  in  all  types  except  the  PICEA/VACA   h.t.  and  the  VAC A   phase 
of  PICEA/CLUN   h.t.   Gravel  content  of  surface  soils  is  generally  lower  and  texture  finer 
than  in  the  Pseudotsuga   series. 

Productivity /Management. — The  Pioea   series  contains  some  of  the  better  timber- 
producing  lands  in  Montana.   Productivity  is  moderate  to  high  (appendix  E-4)  and  the 
sites  support  several  coniferous  species.   Sites  are  at  moderate  elevations,  on  gentle 
topography,  and  are  usually  accessible.   Disadvantages  to  timber  utilization  may  be 
that  Pioea   series  stands  are  often  adjacent  to  visual  corridors,  and  they  provide 
streamside  stability  for  many  watersheds.   They  are  often  important  habitat  for  deer, 
elk,  and  moose. 
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Table  3 .--Distribution  of   Picea  phenotypes  by  habitat  type  and  National  Forest.    Numbers 
of  sample  stands  dominated  by  eaoh  phenotype  are  shown  below.      The  hybrid 
categories  are  based  on  percentage  free  cone-scale   length  as  interpreted  from 
Vaubenmire   1974 


Category 


P.  glauca 


P.  glauca  X 
P.  engelmannii 
hybrid 


P.  engelmannii 

X  P.  glauca 
hybrid 


P.  engelmannii 


Percent  free  cone  scale: 

Habitat  type: 

PICEA/EQAR 
PICEA/CLUN 
PICEA/ PHMA 
PICEA/ GATR 
PICEA/VACA 
PICEA/SEST 
PICEA/LIBO 
PICEA/SMST 
Total 


<16 


16-23 


1 

2 

IT 


23-30 


3 
4 
1 
2 
1 
7 
5 
_2 
25 


>30 


1 
4 
1 
2 
1 

1 

13 


ABLA/OPHO 
ABLA/CLUN 
ABLA/GATR 
ABLA/VACA 
ABLA/CACA 
ABLA/LIBO 
ABLA/MEFE 
ABLA/XETE 
ABLA/VAGL 
ABLA/VASC 
ABLA/CARU 
ABLA/CLPS 
ABLA/ARCO 
ABLA/RIMO 
ABLA-PIAL/VASC 
ABLA/LUHI 
PIAL-ABLA 
Total 


10 
1 
1 
6 
4 
1 
2 
4 

4 
4 
3 
5 
1 
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3 
2 
13 
3 
3 
3 
2 
2 
1 
1 
4 
7 
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National  Forest: 


Kootenai 
Flathead 
Lolo 

Bitterroot 
Deerlodge 
Beaverhead 
Helena 

Lewis  $  Clark  (east) 
Lewis  §  Clark  (west) 
Gallatin 
Custer 

Yellowstone  N.P. 
Glacier  N.P. 
Total 


6 

1 
3 
3 
1 
_J_ 
23 


1 

10 

3 

3 

1 

2 

1 

20 

6 

24 

9 

4 

_6 

90 


14 
6 

10 
5 
9 
2 
7 
7 

10 
6 
3 
1 

_7 

87 
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Other  studies. — Ogilvie  (1962)  defined  several  Piaea   habitat  types  for  the  Rocky 
Mountains  of  Alberta.   Thilenius  (1972)  mentioned  forests  of  Picea  glauca   in  the  Black 
Hills  and  presumably  these  are  Piaea   climax.   Small  areas  of  Piaea   habitat  types 
were  described  by  Cooper  (1975)  and  Hoffman  and  Alexander  (1976)  in  Wyoming  and  by 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  in  east-central  Idaho. 

Picea/Equisetum  arvense   h.t. 
(PICEA/EQAR ;  spruce/common  horsetail) 

Distribution. — PICEA/EQAR   is  a  localized  wet-soil  habitat  type  that  characteristi- 
cally develops  on  flat  sites  with  poor  drainage  such  as  broad  alluvial  valley  bottoms 
(fig.  24).   It  is  similar  topographically  and  edaphically  to  the  THPL/OPHO   h.t.  of 
northwestern  Montana  and  northern  Idaho.   Overall  the  habitat  type  is  rare,  but  it  is 
locally  common  in  a  few  areas  such  as  along  Sheep  Creek  north  of  White  Sulphur  Springs 
and  in  the  Flathead  Valley.   It  is  found  mostly  at  elevations  of  2,900  to  3,600  feet  in 
northwestern  Montana  and  5,300  to  6,800  feet  east  of  the  Continental  Divide.   Adjacent 
habitat  types  are  normally  other  members  of  the  Picea   or  Pseudotsuga   series  on  upland 
sites,  or  swamps,  marshes,  or  bogs  dominated  by  Salix,   Carex,    or  Typha   on  wetter  sites. 

Vegetation. — Piaea   is  usually  the  only  successful  coniferous  tree  species; 
however,  Pinus  aontorta     is  occasionally  well  represented  on  sites  having  alluvium 
substrates.   High  water  tables  restrict  other  conifers  to  drier  hummocks.  Populus 
tricnoaarpa   or  Betula  papyrifera   may  be  abundant  in  serai  stands. 

Undergrowth  normally  is  dominated  by  Equisetum   spp.  and  wet-site  forbs  and 
graminoids.  Equisetum  arvense   was  abundant  in  seven  out  of  nine  sample  stands,  while 
E.    sairpoides   dominated  another.   Other  frequent  species  include  Cornus  stolonifera, 
Carex   spp.,  Galium  triflorum,    Geranium  riahardsonii ,    Seneaio  triangularis,    Geum 
maarophyllum,    and  Streptopus  amplexifolius .      Athyrium  filix-femina,   Rubus  pubescens, 
Cornus  canadensis,    and  Viola  canadensis   were  often  found  in  stands  in  northwestern 
Montana. 

Lysichitum  americanum   is  abundant  in  some  stands  near  Flathead  Lake.   It  is  a 
coastal  (maritime)  indicator  that  becomes  scarce  and  then  absent  as  one  travels  east- 
ward into  the  Rockies.  PICEA/EQAR   stands  having  Lysichitum   are  indicative  of  milder 
climatic  conditions  than  those  characterizing  the  rest  of  the  habitat  type. 

Soil. — Soils  are  wet  throughout  the  year,  often  with  standing  water.   Some  sites 
have  a  thick  layer  of  organic  "muck."  Other  sites  have  a  substrate  composed  of  coarse- 
textured  alluvium.  Mineral  soil  samples  were  collected  in  only  three  stands  (appendix 
D-l) .   Surface  soil  reactions  were  acidic  to  slightly  basic,  depending  on  parent 
material.  Gravel  content  and  texture  were  variable.   Surface  rock  and  mineral  soil 
exposure  were  minimal;  duff  depth  averaged  7.3  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4)  ,  but  coni- 
fers other  than  Picea   are  usually  of  minor  importance.   Overstory  manipulation  requires 
special  constraints  because  of  the  wet  soils  and  potential  windthrow  of  residual  trees. 
Road  construction  and  site  development  present  extreme  problems  related  to  high  water 
tables,  poor  drainage,  streamside  locations,  and  organic  soils. 

Use  by  big  game  and  domestic  stock  is  variable.  In  general  it  appears  they  avoid 
this  habitat  during  periods  of  peak  soil  saturation  but  may  make  some  use  as  soils  dry 
out  in  late  summer.   Some  stands  show  moderate  winter  use  by  deer,  elk,  and  moose. 

Other  studies. --Ogilvie  (1962)  described  two  similar  Picea   habitat  types  for  the 
Rocky  Mountains  in  Alberta.   His  Picea  glauca /Equisetum   h.t.  appears  similar  to  our 
variation  occurring  on  alluvial  silts.   His  Picea  glauca/ Sphagnum -Ledum  groenlandicum 
h.t.  occurring  on  acid  peat  accumulations  appears  much  like  our  stands  growing  on  deep 
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Figure  24. — Picea/Equisetum  arvense  h.t.    in  a  stream  bottom   (5,600  feet  elev.)  west  of 
Augusta  in  central  Montana.      Nearly  all  the  tree  growth,  is   Picea,  and   Equisetum 
arvense  is  the  major  undergrowth  plant. 


organic  soils,  except  that  our  stands  have  few  shrubs.   Bell  (1965)  used  Lysiahitum   to 
name  a  wet-site  association  within  the  Tsuga  heterophylla   zone  in  southeastern  British 
Columbia. 

Pioea/Clintonia  uni flora   h.t. 
{PICEA/CLUN;    spruce/queencup  beadlily) 

Distribution. — PICEA/CLUN   is  a  moist  habitat  type  found  on  benches  and  gentle 
north  slopes  in  northwestern  Montana.   It  is  quite  common  in  the  Flathead  Valley  and 
is  occasionally  found  to  the  west  in  the  Kootenai  National  Forest  (fig.  25).   Elevations 
of  sample  stands  ranged  from  3,000  to  4,100  feet. 

Vegetation. — Pseudotsuga  menziesii,   Pinus  contorta,    or  Larix  ocoidentalis   often 
dominate  serai  stands.   Relatively  warm  and  dry  sites  within  this  habitat  type  near 
Kalispell  contain  serai  Pinus  ponderosa   and  have  little  if  any  Pinus  oontorta. 

Undergrowth  is  typified  by  Clintonia  uniflora,   Aralia  nudioaulis,    or  Comus  cana- 
densis,   and  has  much  in  common  with  ABGR/ ,    THPL/ ,    TSHE/,    and  ABLA/CLUN   h.t.s  of  north- 
western Montana.   Other  characteristic  species  include  Cornus  stolonifera,   Rubus 
pubescens,   Linnaea  borealis,   Oryzopsis.  asperifolia,   Adenocaulon  bicolor,    and  Galium 
triflorum. 

The  warmest,  driest  sites  in  this  habitat  type  lack  Clintonia   but  have  Cornus 
canadensis   and  Galium  triflorum.      These  sites  were  included  because  of  the  minor  area 
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Figure  25. — Picea/Clintonia  uniflora  h.t.      (Clintonia  phase)   in  a  stream  bottom   (Z,000 

feet  elev.  )   southeast  of  Eureka  in  northwestern  Montana.      Serai  Pseudotsuga  and 

Larix  occidental  is  codominate  with   Picea.   Aralia  nudicaulis  is  the  most  abundant 
undergrowth. 


they  cover  as  well  as  their  general  similarity  to  the  sites  supporting  Clintonia. 
Aralia   is  usually  associated  with  more  moist  lowland  sites;  Clintonia   occurs  on  all  but 
the  warm,  dry  margins  of  the  habitat  type;  and  Cornus  canadensis   is  found  essentially 
throughout  the  habitat  type. 

Clintonia  uniflora   (CLUN)   phase. — This  is  the  typical  phase  of  the  habitat  type, 
identified  by  the  absence  of  Vaooinium  aaespitosum. 

Vaocinium  aaespitosum   (VACA)   phase. — This  phase  occurs  on  gravelly  benches  and  may 
also  be  subject  to  more  frequent  frosts  than  the  Clintonia   phase.  Pinus  aontorta   is  a 
major  serai  species  in  natural  stands,  while  Pseudotsuga   and  Larix   are  less  important. 
Basal  area  stocking  is  less  than  in  the  CLUN   phase.   In  general,  the  VACA   phase  can  be 
considered  as  transitional  to  the  PICEA/VACA   h.t. 

Soil. --Our  stands  were  on  various  noncalcareous  sedimentary  and  metamorphic  parent 
materials  (appendix  D-l),  occurring  as  alluvial  or  glacial  deposits.   Surface  soils  were 
acidic  loams  and  silt  loams  with  variable  gravel  content  (average  15  percent) .   Ground 
surfaces  had  virtually  no  rock  or  bare  soil  exposed.   Duff  depth  averaged  6.3  cm  in  the 
CLUN   phase,  but  only  2.6  cm  in  the  VACA   phase. 

Productivity /Management. — Timber  productivity  is  moderate  to  high  (appendix  E-3). 
Productivity  was  generally  highest  in  the  CLUN   phase.   Partial  cutting  tends  to  convert 
overstories  to  Pseudotsuga   and  eventually  Pioea.      Clearcutting  and  seed-tree  cutting 
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will  favor  Pinus  contorta,   Larix,   Pseudotsuga,   or  Pinus  ponderosa-      The  vigorous  growth, 
apparent  ease  of  regeneration,  and  accessibility  of  the  PICEA/CLUN   h.t.  offer  oppor- 
tunities for  intensive  timber  management.   However,  much  of  the  area  of  the  habitat 
type  has  been  cleared  for  grazing  or  farming. 

PICEA/CLUN   often  provides  winter  range  for  deer,  and  occasionally  elk  and  moose. 
Use  by  domestic  stock  appears  limited  in  natural  stands. 

Picea/Physocarpus  malvaaeus   h.t. 
(PICEA/PHMA;    spruce/ninebark) 

Distribution. — The  PICEA/PHMA   h.t.  covers  sizable  areas  on  moist,  north-facing 
slopes  in  south-central  Montana  on  the  Gallatin  National  Forest  (fig-  26).   Elevations 
of  sample  plots  were  5,900  to  7,000  feet. 

Vegetation. — Pseudotsuga  menziesii   is  the  typical  overstory  dominant  in  serai 
stands,  with  Pinus  contorta   occasionally  well  represented.   In  these  stands  Piaea   is 
normally  represented  by  scattered  but  vigorous  seedlings,  saplings,  and  poles.  Abies 
lasiocarpa   is  occasionally  present  at  higher  elevations  in  the  habitat  type;  however, 
both  representation  and  vigor  of  Abies   are  weak  compared  with  Piaea. 

Symphoricarpos  albus   and  Spiraea  betulifolia   are  common  associates  of  Physoaarpus 
in  the  shrub  layer.  Aotaea  rubra   occurs  in  about  half  the  stands  and  Galium  triflorum 
is  usually  present;  thus,  stands  would  often  key  to  PICEA/GATR   h.t.  except  for  the 
shrubby  layer  of  Physoaarpus   that  dominates  even  under  mature  forest  canopies. 
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Figure  26. — Picea/Physocarpus  malvaceus  h.t.    on  a  moderate  east-facing  slope    (6,600 
feet  elev. )   south  of  Big  Timber  in  south-central  Montana.      Pseudotsuga  dominates 
the  stand,    but   Picea  is  present  in  alt  size  classes. 
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Soil. — Our  stands  were  primarily  on  calcareous  parent  material  (appendix  D-l) . 
Surface  soils  were  acidic  to  neutral,  gravelly  (average  17  percent)  loams  to  silts. 
Ground  surfaces  had  virtually  no  rock  or  bare  soil  exposed;  duff  depth  averaged 
6.5  cm . 

Productivity /Management . — This  is  one  of  the  better  habitat  types  east  of  the 
Continental  Divide  (appendix  E-l)  for  growth  of  Pseudotsuga .   Timber  productivity  is 
moderate  (appendix  E-4) .   Potential  for  cattle  grazing  appears  poor;  however,  sample 
stands  showed  evidence  of  considerable  use  by  deer,  elk,  and  moose,  often  with  browsing 
of  Acer   and  Prunus. 

Other  studies. — The  PICEA/PHMA   h.t.  has  not  been  described  elsewhere  in  the  Rocky 
Mountains. 

Picea/Galium  triflorum   h.t. 
{.PICEA/GATE;    spruce/sweetscented  bedstraw) 

Distribution. — PICEA/GATE   is  found  on  cool,  moist  sites,  usually  bordering  streams, 
or  occasionally  on  moist  toe-slopes.   It  is  abundant  only  in  south-central  Montana  in 
the  vicinity  of  the  Gallatin  National  Forest,  mostly  between  6,000  and  7,000  feet.   It 
is  found  infrequently  elsewhere. 

Vegetation. — Serai  stands  may  contain  Pseudotsuga   or  Pinus  contorta   in  the  over- 
story,  but  Picea   reestablishes  quickly  on  disturbed  sites  and  soon  dominates.  Abies 
lasiocarpa   is  frequently  present  in  small  numbers,  but  exhibits  low  vigor. 

Undergrowth  is  composed  of  various  wet-site  forbs  such  as  Galium  triflorum,   Actaea 
rubra,   and  Streptopus  amplexifolius .      Other  characteristic  species  include  Eubus  par- 
viflorus ,   Eibes  lacustre,   Symphoricarpos  albus,   Linnaea  borealis,    Heracleum  lanatum, 
Smilacina  stellata,    and  Geranium  richardsonii .      The  common  occurrence  of  Equisetum 
arvense   testifies  to  the  moist  nature  of  the  sites.   In  general,  the  undergrowth  might 
be  considered  as  a  geographic  replacement  for  the  "Pachistima   union"  of  northern  Idaho 
(R.  and  J.  Daubenmire  1968)  and  those  habitat  types  containing  Clintonia   in  northwestern 
and  west-central  Montana. 

Soil. — PICEA/GATE   was  sampled  on  a  variety  of  primarily  noncalcareous  parent 
materials  (appendix  D-l).   Surface  soils  were  loams  to  silts  with  reactions  ranging 
from  neutral  to  acidic.   Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff 
depth  averaged  6.8  cm. 

Productivity /Management. — Timber  productivity  is  moderate  to  high  (appendix  E-4); 
this  is  one  of  the  most  productive  habitat  types  for  Picea   and  Pinus  contorta   east  of 
Divide  in  Montana.   Silvicultural  prescriptions  leading  to  all-aged  management  of  Picea 
should  be  considered  as  a  possible  management  alternative. 

Pellet  groups,  trails  and  tracks,  and  browsing  indicate  that  the  habitat  type  is 
used  by  elk  and  deer  as  winter  range.   Some  of  the  broad,  flat  mountain  valleys  associ- 
ated with  this  type  appear  to  be  prime  year-round  moose  habitat.   Grazing  by  domestic 
stock  was  light  in  the  sampled  stands. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere  in  the  Northern 
Rockies. 

Picea/Vacainium  caespitosum   h.t. 
(PICEA/VACA ;  spruce/dwarf  huckleberry) 

Distribution. — The  PICEA/VACA   h.t.  is  common  in  northwestern  Montana,  especially 
in  the  Flathead  Valley  where  sample  stands  range  in  elevation  from  3,100  to  4,200  feet. 
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One  stand  was  also  sampled  near  the  Sun  River  Game  Range  west  of  Augusta  at  5,300  feet. 
Stands  are  typically  located  on  gravelly  terraces,  but  sometimes  they  occupy  gentle 
slopes.  Although  summer  daytime  temperatures  are  probably  high  on  these  sites,  frost 
is  common.  PICEA/VACA   is  probably  cooler  and  perhaps  more  moist  than  the  PSME/VACA 
h.t.,  but  drier  than  the  PICEA/CLUN   h.t.,  VAC  A   phase.   Eastward  in  Montana  Vaocinium 
caespitosum   is  usually  restricted  to  benchlands  at  somewhat  higher  elevations,  where 
cooler  and  more  moist  conditions  permit  Abies   lasiocarpa   to  form  the  climax  (thus, 
ABLA/VACA   h.t.). 

Vegetation. --Pseudotsuga  menziesii,   Larix  oacidentalis ,    and  Pinus  contorta   are 
major  serai  dominants  in  this  habitat  type,  and  stands  seldom  reach  a  near-climax 
condition.   Periodic  wildfires  seem  to  recycle  stands  in  which  mature  Pinus  contovta 
has  begun  to  die.   In  most  instances  these  sites  are  too  cold  for  Pinus  ponderosa. 

Undergrowth  is  similar  to  that  of  the  PSME/VACA   h.t.  A  mat  of  Calamagrostis 
rubeseens   dominates,  and  Vaocinium  caespitosum   and  Linnaea  borealis   are  usually  major 
components  of  the  undergrowth.  Spiraea  betulifolia   and  Symphoricarpos  albus   may  be 
well  represented. 

Soil. — Our  stands  were  on  noncalcareous  parent  materials  (appendix  D-l).   Surface 
soils  were  slightly  acidic,  gravelly  (30  percent)  loams  and  silt  loams.   Ground  surfaces 
had  virtually  no  rock  or  bare  soil  exposed;  average  duff  depth  was  only  2.6  cm. 

Productivity /Management. — Timber  productivity  ranges  from  moderate  to  high  (appendix 
E-3)  with  a  good  mixture  of  commercially  valuable  tree  species  (appendix  B) .   Well- 
drained  soils  and  gentle  topography  offer  opportunities  for  intensive  timber  management. 
The  forage  potential  for  domestic  livestock  is  limited.   However,  PICEA/VACA   is  evidently 
used  as  winter  range  by  elk  and  mule  deer  and  may  provide  year-round  habitat  for  moose 
and  white-tail  deer. 

Other  studies. — In  Alberta  a  portion  of  Ogilvie's  (1962)  Picea  glauca/Calamagrostis 
rubeseens   h.t.  appears  similar  to  our  PICEA/VACA   h.t. 

Picea/ Senecio  streptanthifolius   h.t. 
(PICEA/SEST;    spruce/cleft-leaf  groundsel) 

PICEA/SEST   is  a  minor  but  distinctive  habitat  type  found  in  a  few  limestone 
mountainous  areas  of  central  and  southwestern  Montana.   Sample  plots  were  taken  in  the 
Beaverhead  Range  at  8,300  to  8,600  feet  and  in  the  southeastern  portion  of  the  Little 
Belt  Mountains  at  7,200  to  8,200  feet  (fig.  27).   One  stand  was  sampled  in  the  Front 
Range  in  the  Lewis  and  Clark  National  Forest  at  6,900  feet,  and  small  amounts  of  it 
have  also  been  found  in  the  Helena  National  Forest.   Aspects  are  generally  north  to 
east  on  mid-  to  upper-slopes  or  ridgetops.   Adjacent  sites  with  deeper  soils  often 
support  ABLA/ARCO   h.t.,  while  PIFL/JUCO   and  PSME/JUCO   occur  on  warmer  exposures. 

Vegetation. — Near-climax  stands  are  dominated  by  Picea   in  all  age  classes.  Abies 
lasiooarpa   may  be  present  in  minor  amounts  at  higher  elevations,  but  appears  incapable 
of  gaining  dominance.  At  lower  elevations,  Pseudotsuga   is  a  major  serai  dominant. 
Pinus  flexilis   and  P.    albicaulis   are  minor  serai  components. 

Undergrowth  is  primarily  composed  of  small  amounts  of  Senecio  streptanthifolius, 
Pyrola  secunda,   Arnica  cordi folia,    Osmorhiza  chilensis,    Clematis  pseudoalpina,    Festuca 
idahoensis,   Trisetum  spicatum,   Poa  nervosa,    Poa  fendleriana,    and  Juniperus  communis. 

Pseudotsuga  menziesii    (PSME)   phase. —  The  PSME   phase  is  found  in  central  and 
southwestern  Montana.   In  the  Little  Belt  Mountains  it  occurs  between  7,000  and  7,500 
feet.  Pseudotsuga   is  a  major  serai  dominant.  Shepherdia  canadensis   is  also  an 
indicator  of  this  phase. 
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Figure  27.—  Picea/Senecio  streptanthifolius  h.t.    (Pseudotsuga  phase)   on  a  broad  lime- 
stone ridge    (7,200  feet  elev.)  northwest  of  Harlowton  in  central  Montana.      Picea, 
Pseudotsuga,  and   Pinus  flexilis  make  up  the  overstory.      Juniperus  communis  is  the 
dominant  undergrowth. 

Picea   (PICEA)   phase. --This  phase  was  found  only  on  the  Little  Belt  Mountains, 
between  7,500  and  8,200  feet.  Pseudotsuga   is  absent  because  sites  are  above  its 
elevational  limits.  Shepherdia  canadensis   is  also  absent. 

Soil. — The  PICEA/SEST   h.t.  was  found  exclusively  on  calcareous  parent  materials. 
Soil  samples  were  not  obtained,  but  field  observations  indicated  soils  were  shallow 
and  droughty. 

Productivity /Management . --Timber  productivity  is  low,  making  this  habitat  type 
the  least  productive  in  the  Picea   series  (appendix  E-4).   The  sparse  undergrowth 
provides  little  forage  for  domestic  stock  or  big  game.   Some  stands  show  evidence  of 
light  use  by  deer  and  elk. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere  in  the 
northern  Rocky  Mountains. 

Picea/Linnaea  borealis   h.t. 
(PICEA/LIBO;    spruce/twinf lower) 

Distribution.  —The  PICEA/LIBO    h.t.  is  found  on  cool,  well-drained  benches  and 
gentle  northeast  slopes,  mostly  east  of  the  Continental  Divide  in  Montana.   Location 
and  elevation  of  sample  stands  are  shown  in  table  4. 


Vegetation. — Nearly  all  of  the  21  sample  stands  apparently  became  established 
aftei  wildfires.  Pinus  contorta,    Pseudotsuga,    and  Picea   dominate  stands  in  that 
order  as  succession  progresses. 
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Table  4 .--Distribution  of   Picea/Linnaea  boreal  is  h.t.    sample  stands  in  Montana 

National  Forest  vicinity : No.  plots : Elevational  range 

Feet 

Lolo  1                         4,200 

Deerlodge  2  6,400  to  6,700 

Beaverhead  2  6,600  to  7,200 

Lewis  and  Clark  (east)  5  5,200  to  6,000 

Gallatin  8  5,700  to  7,800 

Yellowstone  Park  3  6,800  to  7,200 


Vaacinium  globulare,    Vacoiniwn  sooparium,   Alnus  sinuata,    Calamagrostis  rubesoens, 
or  Symphorioarpos  albus   frequently  dominate  the  undergrowth.  Shepherdia  canadensis 
often  dominates  serai  stands. 

Soil/Climate. — The  PICEA/LIBO   h.t.  was  sampled  on  a  variety  of  primarily  noncal- 
careous  parent  materials  (appendix  D-l).   Surface  soils  were  gravelly  (24  percent) 
sandy  loams  to  silts  with  reactions  ranging  from  very  acidic  to  slightly  basic  (mean 
pH  6.1).   Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depth  averaged 
6.4  cm.   Weather  data  from  the  northeast  entrance  to  Yellowstone  Park  (appendix  D-2) 
represent  this  habitat  type. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4).   Also, 
the  gentle  topography  associated  with  this  type  offers  better  opportunity  for  intensive 
timber  management  than  many  other  east -side  habitat  types. 

Elk  and  deer  use  was  conspicuous  in  most  stands;  several  stands  were  also  fre- 
quented by  moose.  Use  by  domestic  stock  was  not  observed  in  any  of  the  sample  stands. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere. 

Pioea/Smilacina  stellata   h.t. 
{PICEA/SMST;    spruce/starry  Solomon's  seal) 

Distribution. — PICEA/SMST   occurs  on  warm,  moist  benches  and  lower  slopes.   It 
was  sampled  only  near  or  east  of  the  Continental  Divide  at  elevations  ranging  from 
4,400  feet  on  the  Helena  National  Forest  to  7,400  feet  in  Yellowstone  Park,  but 
mostly  between  5,000  and  7,000  feet. 

Vegetation. — Pseudotsuga   or  occasionally  Pinus  contorta   dominates  in  serai  stands, 
giving  way  to  Pioea   as  succession  advances.   Undergrowth  is  dominated  by  a  luxuriant 
growth  of  forbs.  Smilaoina  stellata 3   Thalietrum  oooidentale,    Smilacina  raoemosa, 
Disporum  traohyoarpum,    and  Geranium  richardsonii   are  characteristically  present. 
Sites  are  evidently  too  warm  for  Linnaea  borealis;   but  Calamagrostis  rubesoens   and 
Symphorioarpos  albus   commonly  dominate  the  undergrowth  as  in  the  PICEA/LIBO   h.t. 

Our  observations  and  those  of  Herbert  Holdorf  (Soil  Scientist,  Lewis  and  Clark 
National  Forest)  indicate  that  some  stands  on  limestone  substrates  in  central  Montana 
have  lower  productivity  and  may  even  support  scattered  Pinus  flexilis ,  suggestive  of 
PICEA/SEST   h.t.   However,  they  have  luxuriant  undergrowth,  occur  at  moderate  elevations, 
and  are  most  logically  attributable  to  the  dry  margin  of  the  PICEA/SMST   h.t. 
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Soil. — Our  stands  were  on  a  variety  of  calcareous  and  noncalcareous  parent  mate- 
rials (appendix  D-l).   Surface  soils  were  mostly  gravelly  loams  to  silts.   Reactions 
ranged  from  neutral  to  acidic  (mean  pH  5.9).   Ground  surfaces  had  virtually  no  rock  or 
bare  soil  exposed;  duff  depth  averaged  6.0  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4).   Several 
stands  showed  light  use  by  cattle,  and  moderate  to  heavy  winter  use  by  deer  and  elk. 

Other  studies. — This  habitat  type  has  not  been  described  elsewhere. 

Abies  grandis  Series 

Distribution. — Abies  grandis   is  the  indicated  climax  on  many  low-  to  midelevation 
sites  in  northwestern  and  west-central  Montana.   Its  geographic  distribution  is 
correlated  with  the  maritime-influence  climate,  which  extends  eastward  in  Montana  to 
Glacier  National  Park  and  to  the  Swan  (fig.  28),  Clearwater,  lower  Blackfoot,  and 
Bitterroot  river  valleys. 

This  series  is  bounded  on  drier  sites  by  the  Pseudotsuga   series  and  on  cooler 
sites  by  the  Abies  lasioaarpa   series.   The  overlap  of  A.   grandis   and  A.    lasioaarpa 
distributions  creates  some  problems  in  separating  the  two  series  in  the  field.   The 
distinction  is  based  on  competitive  potential,  rather  than  presence  or  absence.   Stands 
with  A.   grandis   reproducing  more  successfully  than  A.    lasioaarpa   are  placed  in  the 
A.   grandis   series,  and  vice  versa.   Thus,  each  species  may  occur  in  the  other  series 
as  a  serai  or  minor  climax  component  (appendix  B) . 

Moving  westward  toward  stronger  maritime  influence,  the  moist  sites  are  occupied 
by  the  Thuja  plicata   series  and  the  Tsuga  heterophylla   series,  which  reach  maximum 
development  in  northern  Idaho  (R.  and  J.  Daubenmire  1968).   In  frost  pockets  or  on 
drier  sites  in  the  valleys  of  northwestern  Montana,  the  Abies  grandis   series  is 
occasionally  bordered  by  the  Piaea   series. 

We  recognize  three  Abies  grandis   habitat  types  in  Montana,  which  indicates  greater 
environmental  diversity  near  the  eastern  limits  of  the  series  than  in  northern  Idaho, 
where  only  one  A.    grandis   habitat  type  has  been  defined  (R.  and  J.  Daubenmire  1968). 
This  increased  diversity  is  even  more  pronounced  near  the  southern  limits  of  the  series 
in  the  Nezperce  National  Forest  where  six  A.    grandis   habitat  types  have  been  recognized 
by  Robert  Steele  and  others  (1976,  preliminary  draft,  USDA  Forest  Service,  Inter- 
mountain  Station) . 

Vegetation. — Pseudotsuga  menziesii   is  usually  a  major  component  of  serai  stands. 
Larix  occidentalism   Pinus  contorta,   Piaea,    Pinus  ponderosa,    Pinus  monticola    (roughly 
in  order  of  decreasing  importance)  may  also  occur  as  serai  dominants  or  components  of 
mixed  stands. 

The  undergrowth  is  typified  by  numerous  moist-site  forbs  and  a  diverse  mixture  of 
shrub  species  which  may  gain  temporary  dominance  during  early  successional  stages. 

Soil/Climate. — Most  soils  were  derived  from  noncalcareous  parent  materials  (appendix 
D-l).   Intermittent  shallow  A2  horizons  overlying  a  dominant  B  horizon  suggest  that 
loess  and  volcanic  ash  represent  a  major  contribution  to  soil  development.   Surface 
soils  are  generally  gravelly  loams  and  silt  loams  with  acidic  reactions.   Ground  sur- 
faces have  virtually  no  rock  or  bare  soil  exposed;  duff  depths  are  moderate 
(3  to  6  cm) . 

Some  climatic  parameters  for  the  Abies  grandis   series  are  shown  in  appendix  D-2. 

Productivity /Management. — Timber  productivity  in  the  series  ranges  from  moderate 
to  very  high  (appendix  E-3) .   Browse  production  for  elk  and  deer  is  high  during  early 
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Figure  28.—  Abies  grandis/Clintonia  uniflora  h.t.    (Aralia  phase)   in  the  Swan  River 
Valley  of  northwestern  Montana    (3,100  feet  elev.).      Abies  grandis  and  a  lesser 
amount  of   Picea  are  the  only  tree  species  remaining  in  this  near-climax  stand. 


successio-nal  stages.   Some  lower  elevation  sites  in  the  series  are  utilized  as  winter 
range.   Forage  potential  and  use  for  domestic  livestock  is  generally  limited  to  valley 
bottoms  that  have  been  cleared  for  farming  and  pastures. 

Abies  grandis/Clintonia  uniflora   h.t. 
(ABGR/CLUN;    grand  fir/queencup  bead lily) 

Distribution.— The  ABGR/CLUN   h.t.  is  found  on  relatively  moist  sites  from  2,400  to 
5,000  feet  elevation  in  northwestern  and  west-central  Montana.   It  occurs  on  valley 
bottoms,  benches,  and  on  all  aspects. 

Vegetation. — Abies  grandis   appears  capable  of  gaining  dominance  over  all  other 
conifers  as  succession  proceeds  toward  climax.   However,  in  some  areas,  Abies  lasiocarpa 
persists  as  a  minor  climax  component.   Following  major  disturbance  such  as  fire  or 
logging,  Pseudotsuga,   Larix  occidentalism    and  Picea    (as  well  as  Pinus  contorta,    Pinus 
monticola,   and  Pinus  ponderosa   on  some  sites)  invade  along  with  Abies  grandis.      By  the 
time  a  pole-sized  stand  has  developed,  Abies  grandis   is  generally  the  only  species  that 
continues  to  reproduce  beneath  the  forest  canopy. 

Undergrowth  is  characterized  by  moist-site  herbs  including  Clintonia,   Adenocaulon 
bicolor,   Disporum  hookeri,    Galium  triflorum,    and  Bromus  vulgaris   as  well  as  the  subshrub 
Linnaea  borealis.      Several  shrubs  share  dominance  in  younger  stands;  these  include  Acer 
glabvum,   Rosa  gymnocarpa,   Rubus  parviflovus ,   Amelanchiev  alni folia,   Spiraea  betuli folia, 
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and  Symphorioarpos  albus    (appendix  C) .   A  number  of  these  species  are  part  of  the 
"Paohistima   union"  described  by  R.  and  J.  Daubenmire  (1968)  for  northern  Idaho.   However, 
the  "Paohistima   union"  nomenclature  was  not  used  in  this  classification  because  individ- 
ual members  of  the  union  have  different  range  limits  eastward  from  Idaho.  Clintonia 
uniflora   is  a  reliable  indicator  species  for  moist  sites  within  the  Abies  grandis   series, 
and  also  has  high  fidelity  in  the  Abies  grandis /Paohistima  myrsinites   h.t.  of  northern 
Idaho;  thus,  the  latter  is  similar  to  our  ABGE/CLUN   h.t. 

Clintonia  uniflora    (CLUN)   phase. --This  is  the  typical  and  most  extensive  phase, 
generally  occurring  at  elevations  below  4,500  feet.   In  the  wettest  mountain  ranges  it 
occurs  on  dry  exposures,  with  adjacent  moist  sites  being  occupied  by  the  THPL/CLUN   or 
TSHE/CLUN   h.t.s.   In  drier  areas  it  typically  occurs  on  moist  exposures,  with  adjacent 
drier  sites  being  occupied  by  the  PSME/PEMA   or  ABGE/LIBO   h.t.s.   Cooler  sites  usually 
support  the  XETE   phase  of  ABGR/CLUN   h.t.  or  the  ABLA/CLUN   h.t. 

Aralia  nudicaulis    (AENU)   phase. --This  phase  was  sampled  on  low  elevation  (near 
3,000  feet)  bottomlands  and  moist  benches  in  northwestern  Montana.  Pioea   and  Betula 
papyrifera   are  more  common  here  than  in  other  phases,  while  Pinus  oontorta   and  Abies 
lasiooarpa   are  usually  absent.  Undergrowth  is  more  luxuriant  than  in  other  phases,  with 
Aralia   and  Disporum  hookeri     usually  well  represented.   This  phase  was  also  found  in 
similarly  wet  sites  (at  4,000  to  4,500  feet  in  the  Bitterroot  Range  south  of  Missoula, 
where  it  was  indicated  by  Athyrium  filix-femina   being  common. 

Xerophyllum  tenax   (XETE)   phase. --This  phase  was  encountered  at  somewhat  higher 
elevations  (3,600  to  5,000  feet),  where  it  occupies  relatively  cold  and  well-drained 
sites  within  the  habitat  type.   It  appears  to  be  environmentally  intermediate  between 
the  warmer  CLUN   phase  and  the  colder  Abies  lasiooarpa   series.  A.    lasiooarpa   is  more 
common  in  this  phase,  while  Pinus  ponderosa   is  usually  absent.  Xerophyllum   and  Vaooinium 
globulare  are  well  represented. 

Although  it  occupies  a  limited  area  in  Montana,  the  XETE  phase  is  common  in  the 
Selway  River  drainage  of  Idaho  (Habeck  1973,  1976;  Robert  Steele  and  others  1976 
preliminary  draft,  USDA  Forest  Service,  Intermountain  Station). 

Soil /Climate. — The  ABGE/CLUN   h.t.  was  sampled  on  a  variety  of  noncalcareous 
substrates  (appendix  D-l).   Surface  soils  were  gravelly  sandy  loams  to  silts  in  the 
CLUN   phase,  gravelly  loams  in  the  XETE  phase,  and  usually,  nongravelly  silt  loams  and 
silts  in  the  AENU   phase.   Reactions  ranged  from  acidic  to  slightly  acidic  in  all  phases. 
Little  surface  rock  or  bare  soil  were  exposed;  duff  depths  were  moderate  (3  to  6  cm). 

Weather  data  from  Trout  Creek,  Montana,  (appendix  D-2)  represent  the  climate  of 
a  warm  site  at  low  elevation  in  this  habitat  type. 

Productivity /Management. — ABGE/CLUN   has  high  to  very  high  timber  productivity 
(appendix  E-3) .   Partial  cutting  practices  will  lead  to  dominance  by  Abies  grandis, 
which  is  often  greatly  reduced  in  value  by  Indian  paint  fungus  (Eohinodontium  tinot- 
orum).      Obtaining  regeneration  of  the  serai  species  is  usually  the  best  approach  for 
timber  management. 

Abundant  forage  for  deer  and  elk  is  produced  during  earlier  successional  stages. 
Although  many  stands  showed  evidence  of  browsing,  the  low-elevation  and  south-exposure 
sites  are  usually  the  only  portions  of  the  habitat  type  offering  winter-range  potential. 
Domestic  forage  production  is  minimal  in  natural  stands. 

Other  studies. — The  CLUN   phase  is  comparable  to  most  of  the  stands  in  R.  and  J. 
Daubenmire' s  (1968)  Abies  grandis /Paohistima   h.t.  in  northern  Idaho. 
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Abies  grandis /Linnaea  borealis   h.t. 
{ABGR/LIBO;    grand  fir/twinf lower) 

Distribution. — ABGR/LIBO   is  a  minor  habitat  type  in  Montana  that  occurs  between 
about  3,700  and  5,500  feet  on  northerly  to  southeasterly  aspects.   It  is  locally  common 
in  the  mountains  near  Perma  and  Hot  Springs,  as  well  as  at  various  locations  in  the 
Bitterroot  Range  south  of  Missoula.   It  often  occupies  better-drained  slopes  or  benches 
adjacent  to  the  ABGR/CLUN   h.t.  on  moist  sites,  such  as  ravines.   As  one  moves  east  or 
south,  out  of  the  maritime-influence  climatic  zone,  this  habitat  type  replaces  ABGR/CLUN. 

Vegetation. --Most  sample  stands  are  dominated  by  Pseudotsuga,   Larix  oooidentalis , 
or  Pinus  ponderosa,    with  Abies  gvandis   gaining  dominance  in  the  understory.   In  contrast 
to  other  habitat  types  in  the  series,  Abies  lasiooarpa     and  Piaea   were  absent  from 
almost  all  stands. 

Undergrowth  is  similar  to  that  of  the  ABGR/CLUN   h.t.  except  for  the  lack  of 
certain  "Pachistima   union"  members  (such  as  Clintonia,   Adenoaaulon  bioolor ,  and 
Disporum  hookeri)     and  the  scarcity  of  others  (such  as  Galium  triflorum) .        Linnaea 
often  forms  a  rather  extensive  mat  on  the  forest  floor. 

Linnaea  borealis  (LIBO)  phase. --This  appears  to  be  the  most  common  phase,  ranging 
from  3,700  to  above  4,600  feet  on  northerly  aspects.  Pinus  ponderosa  is  often  a  major 
serai  dominant. 

Xerophyllum  tenax    (XETE)   phase. --Stands  observed  in  this  phase  occur  between  4,700 
and  5,500  feet  on  easterly  to  southeasterly  exposures.   It  appears  to  be  transitional 
between  the  LIBO   phase  and  the  ABLA/LIBO   h.t.,  XETE   phase  or  the  ABGR/XETE   h.t. 

Soil. — Our  two  stands  having  soils  data  were  on  noncalcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  acidic,  gravelly  loams  to  silts.   Ground  surfaces 
had  no  rock  or  bare  soil  exposed;  duff  depths  were  3  and  4  cm. 

Management  Implications. — Timber  productivity  is  high  (appendix  E-3)  affording  good 
opportunities  for  timber  management.   Productivity  was  highest  in  the  LIBO   phase. 
Forage  production  for  deer  and  elk  is  moderately  good  in  early  successional  stages, 
although  sites  are  often  not  accessible  for  winter  range.   Forage  production  for 
domestic  livestock  offers  little  potential. 

Other  studies. — This  habitat  type  has  been  described  by  Robert  Steele  and  others 
(1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  in  central  Idaho 
as  well  as  by  Robert  Steele  and  others  (1976  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  for  the  Nezperce  National  Forest. 

Abies  gvandis /Xerophyllum  tenax   h.t. 
{ABGR/XETE;    grand  fir/beargrass) 

Distribution. — ABGR/XETE   is  a  minor  habitat  type  locally  common  on  well-drained 
slopes  between  4,700  and  5,300  feet  in  western  portions  of  the  Lolo  and  Bitterroot 
National  Forests.   It  is  apparently  the  driest  of  the  Abies  grandis   habitat  types  in 
Montana,  being  bordered  on  more  moist  sites  by  the  ABGR/CLUN   or  ABGR/LIBO   h.t.s  and 
on  colder  sites  by  ABLA/XETE. 

Vegetation. --Most  sample  stands  were  rather  young  (50  to  100  years)  and  were 
dominated  by  Pseudotsuga,   Larix,    and  Pinus  oontorta.      Regeneration  of  Abies  grandis 
was  abundant  in  some  stands,  but  was  scattered  in  other  stands  apparently  because  of 
difficulties  in  establishment  (dry  site  conditions).   We  interpret  Abies  grandis   as  a 
significant  site  indicator  and  predict  that  it  will  be  a  major  component,  if  not 
dominant,  in  climax  stands. 
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Undergrowth  is  rather  sparse,  with  only  Xerophyllum,    Vacoinium  globulare, 
Calamagrostis  rubescens,    and  sometimes  Paohistima   or  Arnica  latifolia   being  well 
represented.  Moist  site  species  such  as  Clintonia,   Linnaea,   Adenocaulon,    and  Galium 
triflorum   are  absent . 

Soil. --Field  observations  indicated  that  soils  were  similar  to  those  in  the  ABGR/ 
CLUN   h.t.   Ground  surfaces  had  little  bare  soil  and  surface  rock  exposed;  duff  depth 
ranged  from  1  to  3  cm. 

Productivity /Management. — Timber  productivity  is  moderate  to  high  (appendix  E-3) . 
Numerous  valuable  serai  species  and  ease  of  regeneration  are  favorable  for  intensive 
timber  management;  however,  the  type  only  covers  a  small  area.   Forage  production  for 
deer  and  elk  is  good,  although  primarily  for  spring  through  fall  use.   According  to 
Richard  Ringleb  (Lolo  National  Forest,  Missoula)  young  stands  originating  after  the 
1910  burn  in  the  St.  Regis  River  Valley  are  used  heavily  by  deer  and  elk,  with  major 
browsing  on  Vaccinium  globulare   and  Paohistima.      ABGR/XETE   provides  no  potential  for 
domestic  livestock  use. 

Other  studies. — Habeck  (1973,  1976)  and  Robert  Steele  and  others  (1976  preliminary 
draft,  USDA  Forest  Service,  Intermountain  Station)  have  identified  an  ABGR/XETE   h.t.  as 
representing  sites  at  the  cold,  dry  limits  of  the  Abies  grandis   series  in  the  Selway 
River  drainage  in  Idaho.   Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  have  described  an  Abies  grandis /Vaccinium  globulare   h.t. 
in  central  Idaho,  that  may  represent  an  extension  of  ABGR/XETE   beyond  the  geographic 
range  of  Xerophyllum  tenax. 

Thuja  plicata  Series  and  Tsuga  heterophylla  Series 

Distribution. — Associations  dominated  by  Thuja  plicata   and  Tsuga  heterophylla 
occupy  moist  areas  within  the  maritime-influenced  climatic  zone  of  the  northern  Rocky 
Mountains.  They  occur  extensively  in  northern  Idaho  (R.  and  J.  Daubenmire  1968),  but 
diminish  eastward  in  northwestern  Montana.   In  Montana  these  habitats  are  generally 
confined  to  bottomland  or  northerly  exposures  between  about  2,000  and  5,000  feet 
elevation  on  sites  where  average  annual  precipitation  is  32  inches  or  more.   They 
are  bordered  on  drier  sites  by  the  Abies  grandis   series  and  on  colder  sites  (at  higher 
elevations  and  in  frost  pockets)  by  the  Abies   lasiocarpa   series  (ABLA/CLUN   h.t.). 

Both  the  Thuja   and  Tsuga   series  are  most  common  in  the  extreme  northwestern  por- 
tion of  Montana  but  extend  eastward  sporadically  almost  to  the  Continental  Divide  in 
Glacier  National  Park.   Isolated  stands  of  the  Tsuga   series  also  occur  locally  in  the 
Swan  Valley,  but  generally  Tsuga   is  confined  to  the  vicinities  of  Libby  and  Thompson 
Falls  and  westward  to  Idaho.  The  Thuja   series  occurs  more  extensively  in  the  Swan 
Valley  and  Mission  Range;  it  extends  eastward  locally  to  Missoula,  and  forms  small 
riparian  stringers  along  major  streams  in  the  Bitterroot  Range  west  of  Hamilton. 

Vegetation. — Thuja   and  Tsuga   are  shade-tolerant  climax  conifers  that  grow  in  sim- 
ilar environments.   However,  Thuja   extends  locally  onto  slightly  drier  sites  than  Tsuga, 
in  addition  to  spreading  farther  south  and  east  in  Montana.  Tsuga  heterophylla   is 
usually  capable  of  attaining  dominance  over  Thuja   and  other  species  at  climax  because 
it  is  better  able  to  reproduce  under  a  dense  forest  canopy.   However,  Thuja   is  capable 
of  maintaining  itself  indefinitely  as  a  minor  climax  species  in  the  Tsuga   series 
because  of  its  shade  tolerance,  longevity  (often  600  to  1,000  years),  and  apparent 
ability  to  regenerate  vegetatively  (Habeck  1968). 

There  are  two  exceptions  to  the  climax  dominance  of  Tsuga.  One  is  the  high  water 

table  Thuja/Oplopanax   h.t.  where  Thuja   and  Tsuga   are  considered  as  major  coclimax 
dominants  in  Montana  (appendix  B) .   The  other  exception  occurs  sometimes  near  the  range 

limits  of  Tsuga   in  Montana,  where  only  scattered  individuals  of  Tsuga   are  present  (often 

exhibiting  frost-killed  tops)  in  stands  having  Abies   lasiocarpa  clearly  indicated  as 
the  potential  climax  dominant. 
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Pseudotsuga,   Larix  oooidentalis ,    and  to  a  lesser  extent  Pioea   are  often  dominants 
in  serai  stands  in  these  series  (appendix  B) .  Pinus  oontorta,    Pinus  monticola,    and 
Betula  papyrifera   are  minor  components  of  serai  stands.  Abies  grandis   and  A.    lasiocarpa 
are  either  minor  serai  or  minor  climax  components  of  most  of  the  habitat  types.  Thuja 
and  Tsuga   usually  regenerate  on  disturbed  sites  along  with  and  beneath  the  serai  tree 
species,  but  it  takes  them  several  hundred  years  to  assume  dominance  in  the  overstory 
because  of  the  longevity  of  the  large  serai  trees.   Stands  commonly  have  a  mixture  of 
four  to  six  tree  species;  occasionally  as  many  as  10  tree  species  can  be  found  in  the 
same  stand. 

Undergrowth  is  composed  of  many  moist-site  forbs  and  shrubs  (appendix  C-l  and  C-2); 
coverages  vary  considerably  depending  upon  successional  status.   In  the  most  dense 
forest  stands,  Clintonia  uniflora   persists  as  a  useful  indicator  of  the  "Pachistima 
union"   described  by  R.  and  J.  Daubenmire  (1968). 

Early  successional  stages  may  be  dominated  by  a  dense  invasion  of  Epilobium 
angusti folium   and  other  forbs,  or  shrubfields  composed  of  Salix  soouleriana,   Rubus 
parviflorus,   Amelanchier  alnifolia,   Aoer  glabrum,    Vacoinium  globulare,    Ceanothus 
velutinus,    and  (near  the  Idaho-Montana  border)  Ceanothus  sanguineus. 

Soil /Climate. — Parent  materials  within  both  series  are  exclusively  noncalcareous 
and  nonigneous--predominantly  sedimentary  rock  and  argillite  (appendix  D-l).   Presumably, 
volcanic  ash  and  loess  deposits  have  also  had  a  major  influence  on  soil  development 
with  resultant  fertility  and  moisture-holding  characteristics  beneficial  to  Thuja,    Tsuga, 
and  associated  undergrowth.   Surface  soils  are  primarily  acidic,  gravelly  loams  to 
silts.   Ground  surfaces  rarely  have  exposed  rock  or  bare  soil;  mean  litter  depth  exceeds 
5  cm  for  all  habitat  types  and  phases  in  the  series. 

Weather  records  from  Heron,  Montana,  near  the  Idaho  border  (appendix  D-2) ,  illustrate 
the  moist,  mild-temperature  conditions  associated  with  these  series.   R.  and  J.  Dauben- 
mire (1968)  presented  additional  climatic  data  for  sites  in  northern  Idaho. 

Productivity /Management. — The  Thuja   and  Tsuga   series  have  the  highest  timber 
productivity  (appendix  E-3) .   Maximum  production  is  usually  found  in  stands  dominated 
by  serai  species.   Shade-tolerant  conifers  are  often  susceptible  to  fungal  decay  (e.g., 
Eohinodontium  tinotorum   in  Abies  grandis   and  Tsuga)   that  may  be  accelerated  by  partial 
cutting.  Maximum  productivity  will  likely  be  realized  by  even-aged  management  of  serai 
species.   Natural  regeneration  occurs  readily  when  an  adequate  seed  source  is  available 
and  site  preparation  has  been  thorough  enough  to  retard  development  of  brushfields. 

Forage  potential  (primarily  palatable  shrubs)  for  deer  and  elk  is  very  high  in 
early  successional  stages,  but  may  be  almost  nonexistent  in  dense,  near-climax  stands. 
In  some  areas,  these  series  occur  at  low  enough  elevations  to  provide  winter  range. 
Thuja  plioata   may  be  utilized  heavily  on  big-game  winter  range.   Forage  potential  for 
domestic  livestock  is  very  low. 

Other  studies. — Our  habitat  types  within  the  Thuja   and  Tsuga   series  are  essentially 
equivalent,  to  those  defined  for  northern  Idaho  by  R.  and  J.  Daubenmire  (1968).   However, 
we  used  the  typal  epithet  of-- / 'Clintonia  uni flora   instead  of --/Pachistima  myrsinites 
to  maintain  consistency  with  related  habitat  types  in  the  Pioea,   Abies  grandis,    and 
Abies   lasiooarpa   series 

Thuja  plioata/ Clintonia  uni  flora   h.t. 
(THPL/CLUN;    western  redcedar/queencup  beadlily) 

Distribution. — THPL/CLUN   is  relatively  common  in  northwestern  Montana,  extending 
east  to  Glacier  National  Park,  the  Swan  River  Valley,  and  south  to  the  Bitterroot 
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Range  near  Hamilton.   It  is  typically  associated  with  bottomlands,  benches,  and 
northerly  exposures  from  about  2,000  to  5,000  feet  in  elevation.   Within  the  geographic 
range  of  Tsuga  heterophylla    (and  therefore  the  TSHE/CLUN   h.t.),  THPL/CLUN   is  restricted 
to  relatively  warmer  and  drier  sites.   Beyond  the  range  of  Tsuga,   THPL/CLUN   occupies 
the  bottoms  and  extends  in  fingers  up  cool  and  moist  ravines  bordered  by  the  ABGR/ 
CLUN   h.t. 

Vegetation. — Thuja   is  the  indicated  climax  as  well  as  being  the  major  dominant  in 
most  sample  stands.  Major  components  of  serai  stands  throughout  the  habitat  type  are 
Abies  grandis,   Pseudotsuga,   Larix,   Pioea,    and  Abies  lasiocarpa.      Abies  grandis   is  usually 
a  persistent  serai  component,  as  was  found  by  R.  and  J.  Daubenmire  (1968),  but  occasion- 
ally appears  to  achieve  coclimax  status  with  Thuja,    especially  near  Thuja's   range  limits 
in  Montana.  This  situation  was  found  to  be  common  in  Idaho's  upper  Selway  River  drainage 
(Habeck  1976). 

Clintonia   is  almost  always  present  in  the  undergrowth.   Other  species  generally 
found  throughout  this  habitat  type  in  Montana  include  shrubs  Rubus  parviflorus, 
Vaooinium  globulare,    and  Linnaea  borealis,    and  forbs  Goodyera  oblongifolia,    Pyrola 
secunda,    and  Viola  orbiaulata    (appendix  C) .  Cornus  canadensis,   Adenocaulon  bicolor, 
Galium  triflorum,    and  Tiarella  trifoliata   occur  less  frequently,  but  are  generally  in- 
dicative of  this  habitat  type. 

Clintonia  uniflora    (CLUN)   phase. --This  is  the  most  common  phase  of  the  type,  and  it 
occurs  widely  on  well-drained  bottoms,  moist  benches,  and  north  slopes.  Menziesia 
ferruginea,   Aralia  nudicaulis,    and  fern  indicators  of  the  other  phases  are  notably  scarce 

Aralia  nudicaulis    (ARNU)   phase. --Undergrowth  is  distinguished  by  having  Aralia,    or 
ferns  Athyrium  filix-femina   or  Gymnocarpium  dryopteris   common  in  addition  to  the  usual 
Clintonia   associates.  This  phase  also  has  a  more  luxuriant  assemblage  of  moist-site 
forbs,  including  higher  coverages  of  Adenocaulon,    Tiarella,    and  Galium  triflovum. 
This  phase  occupies  more  moist  bottoms  and  slopes  than  the  CLUN   phase,  generally  at 
elevations  below  4,000  feet. 

Menziesia  ferruginea  (MEFE)   phase. --This  phase  occurs  near  the  upper  elevational  (coL 
limits  of  the  habitat  type  on  north-facing  slopes  or  in  ravines.   It  was  sampled  be- 
tween 4,300  and  5,300  feet  in  northwestern  Montana.   It  is  identified  by  Menziesia 
being  common  in  the  undergrowth.  Xerophyllum,   Taxus,    and  Arnica   latifolia   are  usually 
conspicuous  also,  in  contrast  to  the  other  phases  of  the  habitat  type.  Abies  lasiocarpa 
is  almost  as  abundant  as  Thuja   in  most  stands,  and  probably  plays  a  minor  climax  role, 
although  Thuja   regenerates  more  effectively.  Larix,    Pseudotsuga,    and  Picea  engelmannii 
are  the  other  major  constituents  of  serai  stands.  Pinus  contorta   is  a  more  frequent 
serai  component  in  this  phase  than  in  other  phases  of  the  type,  while  Abies  grandis 
occurs  only  rarely.  This  phase  is  bordered  above  by  ABLA/CLUN   h.t.,  MEFE   phase,  or  by 
ABLA/MEFE   h.t. 

Soil. — The  THPL/CLUN   h.t.  was  commonly  found  on  argillite  or  noncalcareous  sedimen- 
tary parent  materials  (appendix  D-l).   Surface  soils  were  acidic,  gravelly  loams  to  silts 
Ground  surfaces  had  little  rock  or  bare  soil  exposed;  and  duff  depths  averaged  greater 
than  5  cm. 

Productivity /Management. — Timber  productivity  is  high  to  very  high  (appendix  E-3) . 
However,  it  is  difficult  to  find  free-growing  individuals  for  determining  site  index  in 
the  dense  mature  stands  on  this  habitat  type.   Limited  data  from  the  CLUN   phase  suggest 
that  productivity  is  uniformly  high  for  Pseudotsuga,   Abies   lasiocarpa,   A.   grandis, 
Picea,    and  Larix.      In  the  MEFE   phase,  productivity  is  somewhat  lower  and  A.   grandis   is 
absent.  The  ARNU   phase  has  the  highest  productivity,  especially  for  Pseudotsuga   and 
Abies  grandis.      Although  potential  productivity  is  high,  realization  of  it  may  require 
intensive  management  —  selecting  the  best  species,  controlling  the  stocking,  and  mini- 
mizing disease  and  insect  losses. 
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Basal  areas  are  high  in  stands  throughout  this  habitat  type,  natural  fire  frequency 
is  low,  although  fires  that  do  occur  are  often  intense.   Fires  early  in  this  century 
destroyed  essentially  all  Thuja   in  some  narrow  canyon  habitats  observed  west  of  Superior, 
Montana,  and  Thuja   has  not  become  reestablished  in  the  new  stands.   Grazing  of  Thuja   by 
cattle  and  big  game  appears  to  retard  natural  reinvasion. 

Forage  production  for  elk  and  deer  is  generally  high  during  early  successional 
stages.   Some  lower  elevation  sites  provide  winter  range,  with  resultant  heavy  browsing 
of  Thuja.      Forage  potential  for  domestic  livestock  is  low  in  natural  stands. 

Isolated,  ancient  Thuja  groves  have  special  appeal  for  recreation  and  for  botanical 
studies. 

Construction  and  maintenance  of  campgrounds,  roads,  and  trails  may  be  difficult  and 
may  damage  sites  in  the  AENU  phase,  which  has  high  water  tables  for  at  least  part  of  the 
growing  season. 

Other  studies. — THPL/CLUN   is  very  similar  to  the  Thuja/Paahistima   h.t.  described 
in  northern  Idaho  by  R.  and  J.  Daubenmire  (1968).   Our  CLUN   phase  is  comparable  to  most 
of  their  habitat  type  except  for  four  of  their  stands  (numbers  23,  49,  117,  and  170), 
which  appear  to  be  similar  to  our  AENU   phase.   Additionally,  our  THPL/CLUN   h.t.  in 
Montana  includes  a  MEFE   phase  which  is  not  comparable  to  any  of  R.  and  J.  Daubenmire 's 
northern  Idaho  stands.   Bell  (1965)  denoted  Aralia   and  Gymnooarpium   as  indicators  of  a 
major  association  in  the  Tsuga   and  Thuja   forests  of  interior  British  Columbia. 

Thuja  pliaata/Oplopanax  horridum   h.t. 
(THPL/OPHO;   western  redcedar/devil * s  club) 

Distribution. — This  minor,  topo-edaphic  habitat  type  was  found  only  in  wet  bottoms 
and  toe-slope  seepage  areas  in  northwestern  Montana.   It  is  usually  confined  to  such 
sites  below  about  4,200  feet;  at  higher  elevations  the  ABLA/OPHO   h.t.  occupies  similar 
sites.   Adjacent  upland  sites  support  the  TSHE/CLUN   h.t. 

Vegetation. --THPL/0PH0   usually  supports  ancient  stands  of  large  trees  with  diverse 
and  luxuriant  undergrowth.  Thuja   and/or  Tsuga  heterophylla   are  the  climax  dominants 
(fig.  29).   Although  Tsuga   was  slightly  more  dominant  in  most  of  the  11  Montana  sample 
stands,  Thuja   is  also  clearly  a  major  climax  component  in  most  stands.   Since  coclimax 
rather  than  monospecific  dominance  is  apparently  the  case,  we  decided  to  adopt  R.  and 
J.  Daubenmire 's  (1968)  "Thuja/Oplopanax"   terminology  for  the  Montana  version  of  this 
habitat  type.   Four  of  their  sample  stands  from  Montana  were  included  in  our  analyses. 
See  pages  35  and  36  in  R.  and  J.  Daubenmire  (1968)  for  a  detailed  discussion  of  this 
habitat  type. 

Small  amounts  of  Pseudotsugay   Pioea,    and  Abies   lasiocarpa   are  found  in  most  stands. 
The  latter  functions  as  a  minor  climax  species  near  the  cold  limits  of  the  habitat 
type.   Fire  seldom  destroys  these  wet-site  stands;  thus,  the  trees  often  attain  large 
size  and  great  age. 

Undergrowth  is  dominated  by  Oplopanax,   Athyrium,    and  Gymnoaarpium  dryopteris 
superimposed  upon  the  luxuriant  forb  growth  associated  with  Clintonia  uniflora.      Most 
prominant  of  these  forbs  are  Tiarella  trifoliata,    Smilaeina  stellata,    Galium  triflorum, 
and  Adenooaulon  bioolor.      Taxus  brevifolia,    a  major  dominant  in  the  ABLA/OPHO   h.t.,  is 
only  a  minor  constitutent  of  THPL/OPHO   stands. 

Soil. — Soils  data  were  very  limited  for  this  habitat  type  since  most  of  the  sample 
stands  were  obtained  from  other  studies.   In  the  two  stands  we  sampled,  surface  soils 
were  acidic,  nongravelly  loams  (appendix  D-l).   Ground  surfaces  had  no  bare  soil  or 
rock  exposed.   R.  and  J.  Daubenmire  (1968)  indicated  that  pH  was  within  the  range  of  the 
Tsuga/Pachistima   h.t.  [TSHE/CLUN   h.t .  equivalent  for  Montana). 
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Figure  29. — Thuja  plicata/Oplopanax  horridum  h.t.    on  a  seeip-oovered  north  slope  south 
of  Libby  in  northwestern  Montana.      This  site,   at  4,300  feet  in  elev.    has  no   Thuja, 
and  is  dominated  by   Tsuga  heterophylla  with  small  amount  of  Abies  lasiocarpa. 


"Productivity /Management. — Limited  site-index  data  and  ecological  comparison  with 
the  ABLA/OPHO   h.t.  suggest  that  productivity  potential  would  be  high.   However,  inten- 
sive timber  management  is  usually  not  practiced  in  this  habitat  type  for  several 
reasons.   The  habitat  type  covers  a  very  small  area,  and  existing  stands  are  frequently 
ancient  groves  with  high  recreational,  esthetic,  and  botanical  value.  Vegetation 
manipulation  would  require  special  constraints  in  typical  streamside  locations.   High 
water  tables  during  most  of  the  season  and  the  possibility  of  compaction  preclude  use 
of  heavy  equipment.  Road  construction  and  intensive  site  development  would  be  expen- 
sive, and  could  cause  irreparable  damage. 

Forage  production  for  deer  and  elk  is  low  to  moderate  in  typical  old-growth  stands. 
Some  stands  may  be  valuable  for  winter  range.   Forage  potential  for  domestic  livestock 
is  very  low. 

Other  studies. — In  addition  to  the  similar  habitat  type  described  by  R.  and  J. 
Daubenmire  (1968),  Bell  (1965)  recognized  comparable  associations  in  the  Tsuga-Thuja 
forest  of  interior  British  Columbia. 

Tsuga  heterophylla/ 'Clint onia  uniflora   h.t. 
(TSHE/CLUN;   western  hemlock/queencup  beadlily) 

Distribution. — TSHE/CLUN   is  restricted  to  the  extreme  northwestern  portion  of 
Montana  (The  Libby-Thompson  Falls  area),  with  minor  extensions  east  to  Glacier  National 
Park.   It  occupies  areas  having  a  very  moist,  ocean-influenced  climate,  ranging  from 
the  lowest  elevations  in  the  State  (1,822  feet  along  the  Kootenai  River)  up  to  about 
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Figure   30.— Tsuga  heterophylla/Clintonia  uniflora  h.t.    (Clintonia  phase)  on  a  gentle 
east  exposure  south  of  Libby  in  northwestern  Montana.      The  stand  contains  the 
following  trees    (in  decreasing  order  of  abundance) :     Thuja,  Tsuga  heterophylla, 
Pinus  monticola,  Abies  grandis,  Larix  occidentalis,  Pseudotsuga,  Picea,  and   Pinus 
contorta. 


4,000  feet.   Sites  are  mostly  in  valley  bottoms,  on  benches,  or  on  cool  exposures.   The 
eastern  outlier  of  this  type  in  Glacier  National  Park  is  apparently  dependent  upon  the 
moderating  climatic  influence  of  Lake  McDonald. 

Vegetation. — Old-growth  stands  are  usually  dominated  jointly  by  Tsuga   and  Thuja. 
Younger  stands  typically  have  a  diverse  mixture  of  six  to  nine  coniferous  species, 
varying  by  phase  of  the  habitat  type  (fig.  30). 

Undergrowth  throughout  the  habitat  type  is  characterized  by  forbs  Clintonia,   Pyrola 
secunda,    Tiarella  trifoliata,    and  Viola  orbiculata,    and  shrubs  Linnaea  borealis, 
Pachistirna  myrsinites,    Taxus  brevifolia,    and  Vaccinium  globulare. 

Density  of  undergrowth  in  the  TSHE/CLUN   h.t.  is  markedly  influenced  by  the  develop- 
ment of  the  overstory  canopy.   Following  destruction  of  the  overstory  (e.g.,  through 
clearcutting  or  fire),  early  successional  stages  may  be  brushfields.  As  a  canopy  of 
serai  trees  develops,  the  undergrowth  density  will  gradually  be  reduced.   When  succes- 
sion progresses  to  the  point  where  shade-tolerant  trees  become  dominant  in  the  canopy, 
shading  can  eliminate  many  species  and  reduce  coverage  of  even  the  most  persistent  forbs 
to  just  a  trace. 

Clintonia  uniflora    (CLUB)   phase. --This  is  the  prevalent  phase  of  the  habitat  type 
in  Montana;  it  is  found  on  better  drained  sites.  Larix  occidentalis,    Pseudotsuga, 
Pinus  monticola,    and  Pinus  contorta   have  greater  representation  in  this  phase  than  in 
the  others;  even  Pinus  ponderosa   is  occasionally  found.  Undergrowth  has  much  more 
Vaccinium  globulare   and  Linnaea  borealis   than  in  the  ARNU   phase. 
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A  few  old-growth  stands  in  the  CLUN   phase,  mostly  on  southerly  aspects,  had 
Xerophyllum  tenax   well  represented  in  the  undergrowth.   But  the  limited  extent  of  these 
stands  and  the  minor  site  differences  did  not  seem  to  warrant  recognition  of  an 
additional  phase. 

Aralia  nudiaaulis    (ABNU)   phase. --This  phase  is  associated  with  wetter  sites, 
generally  bottoms;  Aralia,   Athyrium  filix-femina,    or  Gymnocarpium  dryopteris   are  common 
and  are  indicative.  Rubus  parviflorus,   Adenooaulon  bicolor,    and  Tiarella  trifoliata 
are  more  abundant  than  in  the  Clintonia   phase. 

Soil/Climate. — The  TSHE/CLUN   h.t.  occurred  almost  exclusively  on  noncalcareous 
sedimentary  and  metamorphic  parent  materials  (appendix  D-l) .   Surface  soils  were  acidic 
gravelly  loams  to  silts.   Ground  surfaces  had  virtually  no  rock  or  bare  soil  exposed; 
duff  depth  ranged  from  4  to  7  cm.   Weather  data  from  Heron,  Montana,  (appendix  D-2) 
represent  a  relatively  warm  site  within  this  habitat  type. 

Productivity /Management. — Timber  productivity  is  high  to  very  high,  although  it 
was  difficult  to  find  free-growing,  vigorous  trees  of  serai  species  in  the  old-growth 
stands  sampled.   Site-indexes  for  Larix   and  Picea   are  some  of  the  highest  attained  for 
these  species  (appendix  E) .   Because  of  moderate  terrain,  accessibility,  and  high 
productivity,  TSHE/CLUN   sites  are  excellent  candidates  for  intensive  timber  management. 
Realizing  this  high  productivity  potential  will  require  selecting  the  best  species, 
controlling  stocking,  and  minimizing  disease  and  insect  losses.   Obtaining  natural 
regeneration  on  burned  or  scarified  clearcuts  of  moderate  size  is  usually  no  problem, 
except  when  brushfields  temporarily  dominate  early  succession.   Planting  and  direct 
seeding  have  a  high  probability  of  success;  these  measures  are  sometimes  necessary 
to  control  species  composition  or  to  compensate  for  lack  of  a  natural  seed  source. 

Forage  production  for  elk  and  deer  is  very  high  during  early  successional  stages, 
and  almost  nonexistent,  except  for  Thuja   saplings,  in  dense,  near-climax  stands.   Lower 
elevation  sites  often  provide  winter  range  for  big  game,  with  resultant  heavy  browsing 
of  Thuja.      Forage  potential  for  domestic  livestock  is  very  low. 

Isolated  ancient  groves  of  Tsuga   and  Thuja   have  high  recreational  and  botanical 
value. 

Intensive  development  may  be  difficult  and  may  damage  the  site  in  the  Avalia   phase, 
which  has  a  high  water  table  for  at  least  part  of  the  growing  season. 

Other  studies.  —  It  is  evident  from  the  species  composition  that  TSHE/CLUN   is  essen- 
tially equivalent  to  the  Tsuga/Pachistima   h.t.  described  for  northern  Idaho  by  R.  and 
J.  Daubenmire  (1968).   Concerning  our  ABNU   phase,  Bell  (1965)  also  used  Aralia   and 
Gymnoaarpium   to  designate  an  association  within  the  Tsuga   and  Thuja   forests  of  interior 
British  Columbia. 

Abies  lasiocarpa  Series 

Distribution. — The  Abies  lasiocarpa   series  includes  all  forests  potentially  domi- 
nated at  climax  by  Abies  lasiocarpa,    Tsuga  mertensiana,    Pinus  albicaulis,    or  Larix 
lyallii.      As  indicated  in  figure  4,  this  is  the  predominant  series  at  higher  elevations 
in  the  Montana  Rockies.  At  lower  elevations  in  northwestern  Montana  and  in  northern 
Idaho,  it  often  borders  moist  forests  where  shade-tolerant  Abies  grandis,    Thuja  plicata, 
or  Tsuga  heterophylla   are  the  indicated  climax  (fig.  6).   Elsewhere  in  Montana  its 
lower  limits  are  generally  reached  where  slopes  are  not  moist  or  cool  enough  to  support 
Abies  lasiocarpa,    and  it  gives  way  to  the  Picea   or  Pseudotsuga   series.   The  Abies 
lasiocarpa   series  is  much  more  extensive  and  diverse  eastward  in  Montana  than  it  is  in 
northern  Idaho  because  of  more  abundant  high-elevation  terrain  as  well  as  a  climate 
unfavorable  to  its  potential  competitors--4Hes  grandis,    Thuja,    and  Tsuga  heterophylla. 
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Near  its  upper  limits  this  series  forms  the  timberline,  which  is  bordered  above 
by  alpine  tundra.   On  especially  dry,  warm,  windy  exposures  east  of  the  Continental 
Divide,  this  series  sometimes  gives  way  to  subalpine  grassland. 

The  Abies  lasiocarpa   series  is  subdivided  into  three  elevational  categories 
(fig.  4),  reflecting  increasingly  severe  climatic  conditions:   (1)  lower  subalpine 
habitat  types;  (2)  upper  subalpine  habitat  types;  and  (3)  timberline  habitat  types. 
This  terminology  essentially  follows  that  of  Weaver  and  Clements  (1938)  for  western 
North  America  as  shown  graphically  by  Love  (1970). 

Soil/Climate. --Soils  in  the  Abies  lasiocarpa  series  are  derived  from  a  variety  of 
parent  materials  (appendix  D-l) .   Relationships  of  habitat  types  to  parent  materials 
are  not  evident  except  that  the  ABLA/CLPS   h.t.  is  generally  restricted  to  calcareous 
substrates.   Surface  soils  are  usually  acidic  to  very  acidic,  and  range  from  gravelly 
sandy  loams  to  silts.   Ground  surfaces  have  little  rock  or  bare  soil  exposed,  except 
in  the  upper  subalpine  and  timberline  habitat  types.   Duff  depth  varies;  although  litter 
production  is  relatively  low,  natural  decomposition  is  slow  and  reduction  of  duff  by 
natural  fire  occurs  infrequently. 

The  progressively  colder,  shorter  growing  season  at  increasing  elevations  within 
the  Abies  lasiocarpa   series  is  illustrated  in  table  5,  which  gives  estimated  climatic 
parameters  for  the  three  subdivisions  of  the  series.   Data  for  specific  sites  are  found 
in  appendix  D-2. 

Fire  history. — Lightning-caused  wildfires  have  allowed  Pseudotsuga,    Larix  occiden- 
talis,    and  Pinus  contorta   to  dominate  most  stands  in  the  lower  subalpine  category  of  the 
Abies  lasiocarpa   series.   Fire  is  apparently  more  frequent  and  less  intense  in  the  dry 
habitat  types  like  ABLA/VASC   and  ABLA/XETE,    and  less  frequent  and  more  intense  in  the 
moist  ones  like  ABLA/MEFE,   ABLA/GATR,    and  ABLA/CLUN.      Although  more  lightning  strikes 
may  occur  in  the  upper  subalpine  forests,  cool,  moist  conditions  and  broken,  rocky 
terrain  limit  the  spread  of  fires.   Fires  at  timberline  tend  to  be  even  more  localized, 
although  they  may  prevent  reestablishment  of  trees  for  several  decades  (Arno  1970) . 


Table  5 .- -Estimated  climatic  parameters  for  the  three  subdivisions  of  the   Abies 
lasiocarpa  series  in  Montana 


Subdivision 


July  mean 
temperature 


Impact  of 
summer  frost 


Mean  annual 
precipitation 


Lower  subalpine  forest 

Upper  subalpine  forest 

Timberline 

Alpine  tundra 


Degrees  F 

60  to  64 

55  to  59 

50  to  54 

<49 


Light  to 

moderate 
Severe 
Severe 


Inches 

20  to  50 

25  to  60 
28  to  60 
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LOWER  SUBALPINE  HABITAT  TYPES 

Distribution. — Lower  subalpine  habitat  types  are  those  generally  warm  enough  to 
support  Pseudotsuga,   Larix  ooaidentalis ,    or  Pinus  montiaola.      This  category  of  habitat 
types  covers  about  2,000  feet  of  elevation  on  most  of  the  higher  mountains  in  the  State. 
They  are  even  more  extensive  in  the  Flathead  River  drainage  of  northwestern  Montana, 
where  they  occupy  all  but  the  warmest  exposures  for  about  3,000  feet  vertically  before 
giving  way  to  upper  subalpine  forest  at  6,200  to  6,500  feet.   On  the  driest  mountains 
east  of  the  Continental  Divide  (for  example,  south  of  Dillon,  Bull  Mountain  near 
Whitehall,  and  the  Pryor  Mountains),  lower  subalpine  habitat  types  are  largely 
restricted  to  a  narrow  belt  on  cool  exposures. 

The  majority  of  sites  within  the  Abies   lasioaarpa   series  fall  within  this  lower 
elevation  category,  which  has  15  habitat  types  and  numerous  phases.   The  ABLA/CLUN   and 
ABLA/MEFE   h.t.s,  highly  productive  for  timber  and  water  yields,  are  extensive  in  north- 
western Montana.  The  ABLA/GATE,   ABLA/LIBO   and  ABLA/CACA   h.t.s  might  be  considered  as 
their  nearest  counterparts  in  productivity  south  and  eastward  in  Montana,  but  they  are 
more  restricted  physiographically  to  especially  moist  sites.  ABLA/XETE   is  most  common 
on  drier  uplands  west  of  the  Continental  Divide,  giving  way  to  ABLA/VASC   and  ABLA/VAGL 
on  similar  upland  sites  east  from  the  Divide.   Dry  sites  on  the  east  side--especially 
those  on  limestone  substrates--support  ABLA/ABCO   and  ABLA/CARU ,  or  ABLA/CLPS  under 
extremely  droughty  conditions. 

Vegetation. --Pseudotsuga   and  Pinus  aontorta   are  major  components  of  serai  stands 
in  the  lower  subalpine  category.  Pioea   is  a  major  component  of  the  moist  habitat  types. 
Our  stand  table  data  support  the  conclusion  drawn  by  R.  and  J.  Daubenmire  (1968)  that 
Pieea  engelmannii   is  generally  a  long-lived  serai  species  rather  than  a  coclimax  in 
Abies   lasioaarpa   stands.  Lavix  ooaidentalis   and  locally  Pinus  montiaola   are  major 
components  of  stands  in  northwestern  Montana. 

Although  Pseudotsuga   is  a  common  serai  dominant  in  the  lower  subalpine  forests, 
some  habitat  types  or  phases  in  this  group  contain  only  accidentals  of  this  species: 
the  ABLA/CACA   h.t.  occurs  on  sites  apparently  too  wet  for  Pseudotsuga   that  are  commonly 
bordered,  or  surrounded,  by  drier  sites  where  the  species  is  present.   The  ABLA/VASC 
h.t.,  VASC   phase  and  THOC   phase  have  only  accidental,  stunted  individuals  of  Pseudotsuga, 
but  such  trees  are  frequent  enough  to  indicate  that  these  habitats  are  not  clearly 
beyond  the  species'  cold  limits.   A  few  sites  in  the  ABLA/MEFE   or  TSME/MEFE   h.t.s  may 
not  support  Pseudotsuga,   Larix  oaaidentalis ,    or  Pinus  montiaola;   but  in  these  cases 
Luzula  hitchcockii    (and  thus  ABLA/LUHI   h.t.,  MEFE  phase)  serves  as  an  additional 
indicator  of  upper  subalpine  conditions,  making  it  unnecessary  to  rely  solely  upon  the 
absence  of  Pseudotsuga. 

Productivity /Management. — Timber  productivity  ranges  from  low  to  very  high 
(appendix  E) .   With  relatively  high  precipitation  and  snowfall  (appendix  D-2)  the  lower 
subalpine  sites  are  also  important  for  water  production.  Mule  deer,  elk,  and  bear  use 
these  habitat  types  for  summer  range.   Domestic  stock  use  is  rare  west  of  the  Divide, 
except  locally  in  valley  bottom  sites.   East  of  the  Divide,  some  of  the  more  moist 
plateaus  and  areas  of  gentle  terrain  provide  moderate  grazing  opportunities,  especially 
in  early  successional  stages. 

UPPER  SUBALPINE  HABITAT  TYPES 

Distribution. --This  high-elevation  forest  belt  is  found  all  across  the  Montana 
Rockies;  it  covers  approximately  700  feet  of  elevation,  and  it  is  bounded  above  by  the 
timberline  habitats.   As  a  rough  average  this  belt  extends  from  6,500  to  7,200  feet 
in  northwestern  Montana,  7,300  to  8,000  feet  in  west-central  Montana,  and  8,100  to  8,800 
feet  in  southern  Montana. 
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Vegetation. --Upper  subalpine  forest  habitat  types  include  those  above  the  climatic 
limits  of  Pseudotsuga,   Larix  occidentalis ,    and  Pinus  montiaola.      Stands  from  the 
Continental  Divide  west  characteristically  have  Luzula  hitchcockii   present  in  the 
undergrowth.   In  addition,  except  for  some  northerly  exposures  in  northwestern  Montana, 
stands  throughout  the  State  have  whitebark  pine  well  represented  (canopy  coverage 
greater  than  5  percent) . 

Abies  lasiocarpa   is  the  indicated  climax,  but  its  growth  in  these  habitats  is  quite 
slow,  often  requiring  200  years  to  reach  dominant  stand  height  (60  to  70  feet) . 
Moreover,  since  its  wood  is  weak  and  brittle,  susceptible  to  wind  and  snow  breakage, 
and  to  decay,  these  trees  seldom  live  much  more  than  250  years. 

Pinus  albicaulis   is  often  a  persistent  dominant  serai  species  on  all  but  the  moist 
sites.   It  is  hardier,  longer  lived  (often  surviving  500  to  700  years),  and  more 
drought -tolerant  than  Abies;    it  appears  to  be  intermediate  in  shade  tolerance,  rather 
than  very  intolerant  as  suggested  by  Baker  (1949).  Most  of  the  larger  individuals  of 
Pinus  albicaulis   over  vast  areas  of  the  Northern  Rockies  were  killed  between  1909  and 
1940  by  mountain  pine  beetle  (Dendroctonus  ponderosae)    epidemics  (Arno  1970;  personal 
communication  with  Arthur  Roe,  Forest  Service  retiree,  Missoula,  Montana);  neverthe- 
less Abies   has  not  been  able  to  substantially  replace  Pinus  albicaulis   in  these 
habitat  types. 

Picea   is  longer-lived  than  Abies,   and  functions  as  an  important,  persistent  serai 
component  of  stands  on  moist  sites,  but  only  as  a  minor  serai  component  on  dry  sites. 
Pinus  contorta   is  a  major  serai  species  in  the  lower  portion  of  the  upper  subalpine  belt, 

Productivity /Management. — The  upper  subalpine  forest  is  highly  productive  for  water 
yield  and  constitutes  a  sizable  proportion  of  the  land  in  Wilderness  and  back-country 
recreation  areas.   It  is  also  important  as  summer  range  for  mule  deer,  elk,  bears,  and 
other  big  game  species.   Domestic  forage  production  is  low  in  these  stands.   Timber 
productivity  is  generally  low  (appendix  E)  and  management  is  frequently  hampered  by 
problems  in  road  construction,  harvesting,  regeneration,  and  site  protection. 

TIMBERLINE  HABITAT  TYPES 

Distribution. — Timberline  habitat  types  form  the  transition  between  contiguous 
forest  and  alpine  tundra.   These  habitat  types  are  relatively  common  in  the  higher 
mountain  ranges  of  the  State,  occurring  primarily  on  rugged  topography  west  of  the 
Continental  Divide,  but  often  on  relatively  broad,  gentle  slopes  east  of  the  Divide. 
Climatic  timberline  habitats  generally  average  about  7,200  to  8,000  feet  elevation  in 
northwestern,  8,000  to  8,800  feet  in  west-central,  and  8,800  to  9,600  feet  in  southern 
Montana.   They  usually  occur  somewhat  higher  on  southerly  exposures  than  on  north- 
facing  slopes,  because  of  warmer  summer  temperatures.   However,  where  the  extremely 
cold-tolerant  Larix  lyallii    [LALY/ABLA   h.'t.s)  occupies  north  slopes,  it  may  reach  eleva- 
tions comparable  to  the  limits  of  other  species  on  nearby  southern  aspects. 

Timberline  extends  upward  from  the  limit  of  contiguous  forest  ("forest  line")  to 
the  general  upper  limits  of  krummholz  or  shrub-like  trees  ("scrub  line")  (Arno  1966). 
In  some  areas  this  forest  line  is  hard  to  determine;  a  useful  alternate  indication  is 
that  forest  line  occurs  where  Abies   lasiocarpa   becomes  generally  stunted,  and  is 
usually  not  capable  of  developing  as  a  tall  tree  (50  feet  high)  except  when  growing  up 
through  the  crown  of  a  Picea,   Pinus  albicaulis,    or  Larix  lyallii.      Widely  scattered 
krummholz  known  as  "alpine  scrub"  may  occur  above  timberline  in  the  lower  fringes  of 
the  alpine  tundra  (Arno  1966). 

Vegetation. — Only  four  tree  species  typically  inhabit  Montana  timberlines.   These 
are  Larix  lyallii,   Pinus  albicaulis,    Picea  engelmannii,    and  Abies   lasiocarpa,    listed 
in  order  of  decreasing  vigor  or  cold  tolerance  of  timberline.  Abies   is  noticeably 
stunted,  sometimes  shrub-like,  or  often  with  shrubby  skirts,  and  it  relies  to  a 
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considerable  extent  upon  vegetative  means  (i.e.,  layering  of  lower  branches)  for  suc- 
cessful! regeneration.  Competition  related  to  tolerance  is  less  evident  than  in 
lower  habitat  types,  and  "climax"  relationships  are  frequently  unclear. 

At  timberline,  trees  take  on  several  life  forms  and  often  grow  in  groups  or 
clusters  with  open  areas  in  between.   Vegetational  communities  often  form  an  intricate 
mosaic.   Because  of  the  especially  complex  and  unusual  ecological  relationships  at 
timberline,  the  three  habitat  types  in  this  group  were  named  only  for  their  tree  com- 
ponents; this  approach  was  used  also  by  R.  and  J.  Daubenmire  (1968). 

We  recognize  that  definite  combinations  of  trees  and  undergrowth  species  are 
recognizable  at  timberline.  These  have  been  delineated  in  detailed  studies  of  timber- 
line  environments,  as  in  Arno  (1970)  and  Weaver  and  Dale  (1974).   However,  in  the 
broader  perspective  of  the  entire  Montana  classification,  it  seems  unwarranted  at  this 
time  to  propose  a  detailed  treatment  of  the  extraordinarily  complex  differences  in 
tree/undergrowth  vegetation  in  timberline  habitats. 

Climate. — In  general,  cold  summer  temperature  appears  to  be  the  most  critical  fac- 
tor responsible  for  timberline  formation  in  Montana  (table  5);  although  some  limits  of 
the  ecologically  diverse  PL4Lh.t.s  are  evidently  controlled  by  other  factors.  Alpine  ant 
Arctic  timberlines  throughout  the  Northern  Hemisphere  have  been  found  to  approximately 
coincide  with  the  50°F  isotherm  for  the  warmest  month  of  the  year  (usually  July)  (Arno 
1966,  1970).   Habitats  having  a  mean  July  temperature  significantly  less  than  50°F 
support  only  tundra. 

Such  temperature-controlled  or  "Climatic"  timberlines  are  the  ones  under  general 
consideration  here.   Locally,  excessive  accumulations  of  snow  (especially  in  north- 
western Montana)  or  extreme  rockiness  and  exposure  to  desiccating  winds  may  cause  an 
apparent  timberline  formation  at  unusually  low  elevations.   However,  such  plant 
communities  are  composed  largely  of  species  characteristic  of  middle  or  lower  eleva- 
tion forests;  thus,  these  areas  are  more  accurately  treated  as  forest-meadow  or  forest- 
grassland  ecotones,  or  snowdrift,  wind-funnel,  or  rock-outcrop  sites.   In  Montana, 
climatic  timberline  sites  are  generally  above  the  cold  limits  of  Pinus  oontorta,    P. 
flexilis,   Pseudotsuga,   Tsuga  mevtensiana,   Menziesia  fervuginea,    and  Calamagrostis 
rubesaens. 

Blizzard  conditions  occur  commonly  in  timberline  types  in  all  months  except  July 
and  August.   Even  during  the  brief  growing  season,  winds  of  gale  and  hurricane  velocity 
are  rather  common.   In  the  more  moist  ranges,  snow  accumulations  may  be  so  great  in 
the  PIAL/ABLA   and  LALY/ABLA   h.t.s  that  most  of  the  steeper  slopes  are  subject  to  snow- 
slides  or  avalanche.   Snowdrifts  may  persist  so  late  into  summer  during  some  years  that 
they  retard  plant  growth.   Sites  with  exceptional  wind  exposure  are  swept  free  of  snow 
almost  all  winter;  here,  deep  soil  frost,  winter  and  summer  desiccation,  extensive 
temperature  fluctuations,  and  the  mechanical  damage  caused  by  winds  combine  to  inhibit 
tree  growth. 

Productivity /Management. — Timberline  habitats  have  high  water  yields  and  provide 
summer  range  for  various  species  of  big  game  and  other  wildlife.   Because  of  their 
high  esthetic  value,  they  are  also  of  considerable  interest  to  outdoor  recreationists. 
Forb  and  grass  growth  may  be  luxuriant  in  certain  timberline  areas,  particularly  those 
east  of  the  Continental  Divide  on  better  soils,  notably  those  derived  from  limestone. 
Grazing  pressure  in  these  types  must  be  carefully  dispersed  and  otherwise  controlled, 
however,  because  loss  of  vegetative  cover  makes  them  vulnerable  to  severe  erosion  in 
many  cases.   Vegetative  recovery  following  disturbance  is  very  slow.   Heavy  grazing  by 
sheep  has  caused  long-term  range  deterioration  in  several  timberline  and  alpine  areas 
in  the  Northern  Rockies,  although  timberline  meadows  in  Montana  generally  appear  to  be 
in  better  shape  than  those  in  the  other  Rocky  Mountain  States. 
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Similarly,  the  vegetation  can  support  little  concentrated  use  by  sightseers  or 
campers.  Roads,  ski  facilities,  and  other  developments  are  usually  damaging  to  timber- 
line  ecosystems  unless  designed,  constructed,  and  maintained  with  utmost  care.  The 
scenic  beauty  of  these  environments  is  easily  degraded  also.  Vegetative  healing  of 
scarred  areas  may  require  several  decades,  and  in  some  cases  the  degradation  may  be 
permanent  (Habeck  1972;  Willard  and  Marr  1971;  Klock  1973). 

Tree  growth  and  regeneration  are  extremely  slow  in  these  habitat  types,  which  can 
clearly  be  considered  as  "noncommercial"  forest  land  (appendix  E) . 

LOWER  SUBALPINE  HABITAT  TYPES 

Abies  lasiooarpa/Oplopanax  horridum   h.t. 
(ABLA/OPHO;    subalpine  fir/devil's  club) 

Distribution. — ABLA/OPHO   is  a  rare  but  very  distinctive  habitat  type  found  in 
the  Flathead  and  Kootenai  River  Drainages  of  northwestern  Montana.   It  is  restricted 
to  ravine  bottoms  and  sites  near  streams,  springs,  or  seepage  areas  where  the  water 
table  remains  near  the  surface  all  year  (fig.  31)   Often  it  develops  only  as  narrow 
stringers  covering  no  appreciable  acreage.   Elevations  of  observed  ABLA/OPHO   sites 
range  from  3,900  to  almost  5,000  feet.   Sites  are  similar  to  those  of  the  THPL/OPHO 
h.t.  except  that  they  occur  in  colder  areas. 


Figure  31. — Abies  lasiocarpa/Oplopanax  horridum  h.t. 
side  of  Glacier  National  Park  at  3,900  feet  elev. 
Larix  occidental  is  make  up  the  overstory. 


on  a  valley  bottom  site  on  the  west 
Abies,  Picea,  and  a  few  large 
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Vegetation. — Old-growth  stands  are  codominated  by  Abies  lasiocarpa   and  Picea; 
the  latter  will  evidently  maintain  itself  as  a  minor  climax  component.   Small  amounts 
of  Pseudotsuga,   Lavix    ocaidentalis,     and  Pinus  montiaola   are  found,  while  Thuja 
and  Tsuga  heterophylla   sometimes  occur  sporadically  as  accidentals.   Fire  often 
skips  these  wet-site  stands;  thus  they  may  support  groves  of  old  and  very  large 
trees  (sample  stands  had  trees  taller  than  150  feet). 

Undergrowth  is  dominated  by  a  shrub  layer  of  Oplopanax  and  Taxus  bvevifolia. 
Beneath  this,  forbs  Clintonia  uniflora  and  Tiarella  trifoliata  and  ferns  Athyrium 
filix-femina   and  Gymnooarpium  dryopteris   are  usually  well  represented. 

Soil. — Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-l).   Surface  soils  were  very  acidic,  nongravelly  loams.   Ground  surfaces  were  rock 
free  and  no  bare  mineral  soil  was  exposed.   Duff  depths  were  among  the  greatest  recorded 
in  any  habitat  type  (7  to  10  cm). 

Productivity /Management. — Productivity  potential  for  timber  is  moderate  to  high 
(appendix  E) ,  but  sites  are  generally  not  suitable  for  intensive  timber  production. 
As  in  the  THPL/OPHO   h.t.,  this  habitat  type  occupies  very  small  areas,  often  has  high 
recreational  and  esthetic  values,  and  has  high  water  tables  that  preclude  use  of  heavy 
equipment.   Road  construction,  trails,  and  site  development  problems  can  be  minimized 
by  avoiding  these  sites.   Domestic  grazing  potential  is  very  low  and  little  deer  or 
elk  use  was  observed. 

Other  studies. — A  similar  plant  association  was  described  by  Illingworth  and 
Arlidge  (1960)  for  eastern  British  Columbia,  and  by  Ogilvie  (1962)  for  southwestern 
Alberta. 

Abies  lasioaarpa/ Clintonia  uniflora   h.t. 
(ABLA/CLUN   h.t.;  subalpine  fir/queencup  beadlily) 

distribution. — ABLA/CLUN   is  a  relatively  moist  and  warm  habitat  type  for  the 
Abies  lasioaarpa   series  (fig.  32).   It  is  extensive  in  the  northwestern  portion  of 
the  State,  especially  in  the  Flathead  River  drainage.   There,  it  occurs  (in  five 
phases)  from  the  lower  mountain  valleys  at  about  3,200  feet  elevation  up  to  5,500  feet, 
and  it  can  be  found  on  all  but  the  driest  south-facing  slopes.   Its  abundance  and 
diversity  is  attested  to  by  the  large  number  (103)  of  ABLA/CLUN   h.t.  stands  sampled  in 
the  course  of  this  study. 

It  is  extensive  on  both  slopes  of  the  Continental  Divide  in  Glacier  National  Park 
and  also  immediately  south  of  the  Park.   Westward,  on  comparable  mountain  slopes  in  the 
Kootenai  River  drainage  (and  in  northern  Idaho),  Pacific  maritime  conifers  (Tsuga, 
Thuja,    and  Abies  grandis   become  increasingly  common,  and  the  ABLA/CLUN   h.t.  is  more 
restricted  in  its  distribution.  Clintonia    (necessary  for  this  habitat  type)  is 
uncommon  south  or  east  of  Missoula,  and  where  it  does  occur  it  is  largely  restricted 
to  swales  or  along  streams. 

Abies  lasioaarpa   is  the  indicated  climax  throughout  the  habitat  type.   Its  major 
associates  in  serai  stands  are  Picea  engelmannii    (or  hybrids  with  P.    glauaa) , 
Pseudotsuga,   Larix  oacidentalis ,   Pinus  aontorta,   and  P.   montiaola.      Additionally,  all 
other  tree  species  native  to  northwestern  Montana  with  the  exception  of  Juniperus 
scopulorum   and  Larix  lyallii   are  sometimes  found  as  minor  stand  components. 

Diversity  of  the  undergrowth  among  the  five  phases  of  ABLA/CLUN   is  even  more 
marked  than  that  of  the  tree  layer;  however,  a  sizable  number  of  species  are  found 
throughout  all  five  phases.  Clintonia  uniflora   is  indicative  of  this  habitat  type. 
Adenocaulon  bicolor,    Coptis  oacidentalis,    Cornus  canadensis,    Disporum  hookeri,   Galium 
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Figure  32. — Abies  lasiocarpa/Clintonia  uniflora  h.t.      (Aralia  phase)   on  a  moist  bench 
(3,900  feet  elev. )   south  of  Hungry  Horse  Reservoir  in  northwestern  Montana.      Old- 
growth   Larix  occidentalis  and  many-aged   Picea  dominate,    with  younger   Abies 
Lasiocarpa  increasing  in  abundance.      Aralia  is  the  dominant  forb. 


triflorum,    and  Tiarella  trifoliata   are  forbs  largely  restricted  to  the  Clintonia 
undergrowth  types  in  northwestern  Montana.   Shrubs  Linnaea  borealis,    Lonicera 
utahensis,   Pachistima  myrsinites,    and  Rubus  parviflorus   are  characteristically  found 
throughout  ABLA/CLUN   h.t.,  and  Vaccinium  globulare   is  usually  well  represented.   Forbs 
that  are  rather  widespread  in  other  types  as  well  as  being  present  throughout  ABLA/CLUN 
include  Arnica  latifolia    (usually  well  represented),  Chimaphila  umbellata,    Goodyera 
oblongifolia,    Osmorhiza  chilensis,   Pyrola  secunda,    Thalictrum  occidentale,    Viola 
orbiculata,   and  Xerophyllum  tenax. 

Clintonia  uniflora    (CLUN)   phase. --This  is  the  most  common  phase,  representing  the 
"middle  ground"  or  average  environmental  conditions  in  the  habitat  type.   It  occurs 
throughout  northwestern  Montana  and  is  most  common  between  4,400  and  5,600  feet, 
extending  somewhat  lower  on  frost-pocket  sites. 

In  the  more  moist  areas  of  northwestern  Montana,  this  phase  can  be  found  on  all  but 
the  driest  exposures.   In  the  drier  areas  and  in  west-central  Montana  it  is  usually 
confined  to  especially  moist  sites,  such  as  canyon  bottoms. 

Major  components  of  sample  stands  are  Abies  lasiocarpa,    Picea,   Pseudotsuga,   Larix 
occidentalis,    and  Pinus  contorta,    in  order  of  decreasing  abundance;  other  tree  species 
are  relatively  scarce.   Undergrowth  is  dominated  by  species  described  previously  for 
the  habitat  type. 
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Aralia  nudioaulis    (ARNU)   phase. --This  is  the  moist  and  relatively  warm  phase  of  th> 
habitat  type  characteristic  of  bottomland  sites  at  the  lowest  elevations.   It  is  found 
in  bottoms  and  occasionally  toe-slope  seepage  areas  between  3,200  and  4,200  feet 
elevation  in  the  Flathead  River  drainage,  and  at  4,500  to  5,000  feet  in  west-central 
Montana  as  well  as  on  the  east  side  of  Glacier  National  Park. 

The  major  overstory  species  in  the  18  sample  stands  were  Abies  lasiocarpa,    Picea, 
Lavix  ocoidentalis,   Pseudotsuga,    and  Pinus  monticola,    in  order  of  decreasing  abundance. 
Betula  papyrifera,    seldom  found  elsewhere  in  conifer  forest  types,  was  present  in  almos' 
half  of  the  sample  stands.   The  phase  is  identified  by  Avalia  nudioaulis,    Gymnocarpium 
dryopteris,    or  Athyrium  filix-femina   being  common.   Other  undergrowth  species  prevalent 
in  this  phase  are:  Cornus  stolonifera,    Taxus  brevifolia,   Meliaa  subulata,    Oryzopsis 
asperi folia,   Adenocaulon  bioolor,    Cornus  canadensis,    Lyoopodium  annotinum,    and 
L.    oomplanatum. 

Vaooinium  oaespitosum   (VACA)   phase. --This  phase  includes  ABLA/CLUN   habitats 
found  on  relatively  dry,  low-elevation  benchlands.   It  is  a  minor  but  distinctive 
phase  found  on  well-drained,  gravelly  benches  between  about  3,100  and  4,100  feet, 
mostly  in  the  upper  Flathead  Valley.   These  sites  may  also  be  frost  pockets. 

Tree  composition  of  the  100-  to  300-year-old  stands  sampled  is  quite  distinctive, 
especially  for  the  ABLA/CLUN   h.t.  Abies  lasiocarpa   is  obviously  subordinate  in 
coverage  to  both  Pseudotsuga   and  Pinus  oontorta.     Abies   is  clearly  the  potential 
climax  dominant,  but  succession  is  relatively  slow.   Apparent  Pioea  glauoa   X  P. 
engelmannii   hybrids  and  Larix  ocoidentalis   are  common  minor  stand  components,  and 
Pinus  ponderosa   is  present  in  almost  half  of  the  stands. 

Undergrowth  also  contrasts  with  that  of  other  phases  of  the  habitat  type. 
Vaccinium  oaespitosum   and  Arctostaphylos  uva-ursi   are  usually  well  represented. 
Linnaea  borealis   is  a  dominant,  and  is  often  accompanied  by  Xerophyllum  tenax. 
Calamagrostis  rubescens   is  usually  well  represented  and  Sheph.erd.ia  canadensis   is 
present  in  most  stands.  Galium  boreale,    Campanula  rotundifolia,    and  Cornus 
canadensis   are  often  present,  while  Thalictrum  occidentale   and  Tiarella  trifoliata 
are  usually  absent  (the  latter  are  usually  present  in  other  phases  of  the  ABLA/CLUN 
h.t.).   There  is  some  question  whether  most  of  the  vegetational  features  described 
here  will  persist  in  "climax"  stands.   Coverage  of  Vaccinium  oaespitosum   and  some 
other  species  is  reduced  in  undisturbed  old-growth  stands,  but  the  question  of  true 
climax  composition  in  this  case  seems  academic  because  of  the  slow  rate  of  succession. 

Xerophyllum  tenax    (XETE)   phase. --This  phase  occupies  most  of  the  dry,  cold 
portion  of  the  habitat  type.   It  is  found  mostly  on  well-drained  sites  between  4,200 
and  5,600  feet,  commonly  on  south-  or  west-facing  slopes.   It  occurs  frequently  on  the 
Flathead  and  Lolo  National  Forests. 

Abies   lasiocarpa   and  Pseudotsuga   were  major  components  of  the  21  sample  stands, 
followed  in  order  of  decreasing  abundance  by  Picea  engelmannii,    Larix  ocoidentalis, 
and  Pinus  contorta.     Other  conifers  were  of  minor  importance.   Undergrowth  was 
dominated  by  Xerophyllum   in  addition  to  the  species  described  previously  for  the 
habitat  type  as  a  whole. 

Menziesia  ferruginea    (MEFE)   phase. --This  is  the  relatively  cold  and  moist  phase 
of  the  ABLA/CLUN   h.t.,  and  is  transitional  above  to  the  ABLA/MEFE   h.t.   It  is  found 
throughout  northwestern  Montana  between  4,500  and  5,700  feet,  mostly  on  cool  exposures. 
Also,  about  half  of  R.  and  J.  Daubenmire's  (1968)  Abies  lasiocarpa /Pachistima   h.t. 
stands  in  northern  Idaho  seem  equivalent  to  this  phase. 

Abies  lasiocarpa,   Picea  engelmannii,    and  Pseudotsuga   were  the  major  components 
of  sample  stands.  Larix  ocoidentalis   and  Pinus  contorta   were  often  minor  components. 
Menziesia  ferruginea   and  Arnica  latifolia   were  usually  abundant  in  the  undergrowth. 
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Soil/Climate. --Soils  in  the  ABLA/CLUN   h.t.  were  derived  from  a  variety  of 
noncalcareous  sedimentary  and  metamorphic  parent  materials  (appendix  D-l).   Surface 
soils  were  moderately  gravelly  throughout,  with  the  lowest  gravel  contents  in  the 
ARNU   phase  and  the  highest  in  the  XETE   phase.   Reactions  varied  from  acidic  to  very 
acidic.   Ground  surfaces  had  virtually  no  rock  or  bare  soil  exposure  and  duff  accumula- 
tion varied  from  moderate  to  deep.   The  VAC A   phase  had  the  least  duff  (mean  =  3.7  cm), 
while  the  MEFE   and  ARNU   phases  averaged  6.2  and  7.1  cm,  respectively. 

Weather  data  from  three  stations  (appendix  D-2)  reflect  the  climate  of  some  of 
the  phases  of  this  habitat  type. 

Productivity /Management. — Timber  productivity  potential  ranges  from  moderate  to 
very  high  in  western  Montana  (appendix  E-3) .   Productivity  is  highest  in  the  ARNU   phase 
and  lowest  in  the  VAC A   and  XETE  phases.   In  the  few  stands  slightly  east  of  the  Conti- 
nental Divide  in  Glacier  National  Park  and  the  Lewis  and  Clark  National  Forest,  produc- 
tivity is  low  to  moderate  (appendix  E-4) .   Five  important  serai  species  (Pseudotsuga, 
Larix  oaoidentalis ,   Pinus  contorta,   Pioea,    and  Pinus  monticola)   provide  flexibility  for 
intensive  timber  management  and  opportunities  for  developing  mixed  species  stands. 
Preferred  species  vary  by  phase,  as  shown  in  appendix  B;  silvicultural  prescriptions 
must  be  tempered  by  on-site  evaluation  of  existing  stands.   Except  for  sites  in  the 
VAC A   phase  where  it  occurs  naturally,  Pinus  ponderosa   is  near  its  cold  limits  and 
grows  poorly  in  this  habitat  type.   Partial  cutting  of  mature  stands  will  increase 
dominance  of  Abies  lasioearpa.      Even-aged  management  offers  greater  promise  for  produc- 
tion of  serai  species. 

The  VACA   phase,  with  flat  ground  and  well-drained  soils,  can  tolerate  heavy  equip- 
ment, recreational  use,  and  site  development.  The  ARNU   phase  also  has  gentle  topog- 
raphy, but  soft  ground  and  high  water  tables  during  part  of  the  growing  season  limit 
certain  activities  and  developments.   The  XETE   and  MEFE   phases  (and  part  of  the  CLUN 
phase)  are  typically  on  steeper  ground  at  somewhat  higher  elevations,  but  are  still 
relatively  accessible  with  conventional  logging  techniques. 

Site  preparation  needs  will  probably  be  greatest  in  the  XETE   and  MEFE   phases,  but 
for  different  reasons.   The  XETE   phase  is  the  droughtiest,  and  site  preparation  may  be 
needed  for  prompt  seedling  establishment.   The  MEFE   phase  has  ample  moisture,  but 
brushfield  development  could  be  a  problem,  although  in  some  areas  Menziesia  ferruginea 
apparently  does  not  reinvade  rapidly  following  disturbance.   Additional  observations 
and  data  are  needed  to  define  early  successional  development  in  all  phases. 

All  phases  can  produce  large  quantities  of  browse  for  elk  and  deer  in  early 
successional  stages.   However,  because  of  snow  depths  only  a  few  of  the  lowest  elevation 
sites  (generally  VACA   and  ARNU   phases)  provide  opportunity  for  winter  range. 

Watershed  management  values  in  this  habitat  type  are  high--as  they  are  throughout 
most  of  the  Abies  lasioearpa   series--because  of  high  precipitation  and  snowpack 
accumulation . 

Other  studies. — ABLA/CLUN   is  similar  to  R.  and  J.  Daubenmire's  (1968)  Abies 
lasioearpa /Paehistima  myrsinites   h.t.  Most  of  their  stands  are  assignable  to  three 
of  the  Montana  phases:  MEFE,   XETE,    and  CLUN.      We  did  not  extend  their  "Pachistima 
union"  nomenclature  to  our  classification  because  the  undergrowth  species  making  up 
that  union  reach  their  range  limits  independently  going  eastward  into  Montana.   Also, 
these  species  occupy  somewhat  different  sites  in  Montana;  whereas  in  northern  Idaho 
they  apparently  have  similar  environmental  tolerances.   Robert  Steele  and  others  (1975 
preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  report  that  ABLA/CLUN 
h.t.  extends  southward  in  west-central  Idaho  to  the  vicinity  of  McCall.  Clintonia 
uniflora   and  many  of  its  Montana  associates  are  also  components  of  major  forest 
communities  in  western  Washington  and  Oregon  (Franklin  and  Dyrness  1973),  suggesting 
that  similar  associations  occur  there. 
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Abies   lasiocarpa /Galium  triflorum   h.t. 
{ABLA/GATR;    subalpine  fir/sweet  scented  bedstraw) 

Distribution. — ABLA/GATR   is  the  warmest  of  the  moist  Abies   lasiocarpa   habitat 
types  in  most  of  the  Montana  Rockies.   It  is  similar  to  the  ABLA/CLUN   h.t.,  but  lacks 
some  of  the  ABLA/CLUN  moist-site  indicators  that  do  not  extend  eastward  into  the  areas 
having  a  more  continental  climate. 

ABLA/GATR   occurs  on  moist  bottomlands,  benches,  northern  exposures,  and  occasion- 
ally in  seepage  areas  on  southern  exposures.   Stands  are  generally  between  5,000  and 
6,800  feet  elevation,  except  in  the  vicinity  of  the  Gallatin  National  Forest  where  the 
type  is  abundant  between  about  6,300  to  7,700  feet.   In  relatively  dry  mountain  ranges, 
the  habitat  type  is  restricted  to  narrow  stringers  along  stream  bottoms.  Sites  with 
high  water  tables  (surface  water  during  the  first  part  of  the  growing  season)  are  often 
transitional  to  the  ABLA/CACA   h.t.,  and  are  classified  as  the  GATR   phase  of  the  ABLA/ 
CACA   h.t.,  giving  major  emphasis  to  the  dominant  edaphic  factors. 

Vegetation. — Picea   is  usually  dominant  over  Abies   in  all  but  the  oldest  stands. 
In  some  Picea-dominated   old-growth  stands  on  lower  slopes  south  of  Bozeman,  Abies 
reproduction  is  less  abundant  than  that  of  Pioea.      These  stands  are  transitional  to 
the  PICEA/GATR   h.t.  found  at  lower  elevations,  but  are  nevertheless  classified  as 
ABLA/GATR   h.t.   However,  in  the  vast  majority  of  ABLA/GATR   sites  sampled  in  Montana, 
stand-structure  data  indicate  that  Abies   is  potentially  the  climax  dominant.  Pseudo- 
tsuga  and  Pinus  contorta   are  usually  represented  in  serai  communities. 

Dominant  undergrowth  is  variable,  especially  in  serai  stands;  however,  certain 
moist-site  species  are  characteristic.   The  habitat  type  is  indicated  by  the  presence 
of  Galium  triflorum,   Actaea  rubra   and  Streptopus  amplexifolius.        Since  small  quantities 
of  Galium   sometimes  occur  on  adjacent  drier  slopes  or  on  disturbed  sites,  Galium   alone 
is  not  an  adequate  indicator.   Other  species  generally  restricted  to  this  or  other  moist 
types  (i.e.,  ABLA/CLUN,   ABLA/CACA)    include  Cornus  stolonifera,   Angelica  arguta,    Pyrola 
uni  flora,   Saxifraga  arguta,   and  Seneoio  triangularis. 

Soil. — Soils  in  the  ABLA/GATR   h.t.  were  derived  from  almost  all  available  parent 
materials  (appendix  D-l).   Surface  soils  were  generally  acidic  nongravelly  loams  to 
silts.   Ground  surfaces  had  virtually  no  bare  soil  or  rock  exposed,  and  duff  depth 
averaged  5.9  cm. 

Productivity /Management. — Timber  productivity  ranges  from  moderate  to  high  west 
of  the  Continental  Divide,  and  is  moderate  eastward  (appendix  E) .  Moderate  to  heavy 
use  (including  browsing  and  bedding)  by  deer  and  elk  is  apparent  in  most  stands.   Moose 
activity  is  also  common  especially  on  valley-bottom  sites.   In  many  areas  this  habitat 
type  provides  the  best  big-game  cover  available.   Browse  production  is  moderate  to 
good,  especially  in  the  earlier  successional  stages.   These  sites  are  often  used  by 
cattle,  primarily  for  resting  or  bedding  after  feeding  on  nearby  meadows  or  grasslands. 
This  type  has  high  water  yield  potential,  and  management  activities  must  be  constrained 
to  protect  streams. 

Other  studies. --In   a  sense  ABLA/GATR   and  ABLA/CLUN   are  similar,  and  would  re- 
present R.  and  J.  Daubenmire's  (1968)  Abies  lasiocarpa/Pachistima   h.t.;  however, 
ABLA/CLUN   occurs  extensively  on  uplands  in  the  maritime-influence  climatic  zone, 
whereas  its  eastern  counterpart  ABLA/GATR   is  generally  restricted  to  sites  having 
especially  moist  soil.   Cooper  (1975)  described  a  similar  association  in  northwestern 
Wyoming.   Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  described  an  Abies  lasiocarpa/ Streptopus  amplexifolius   h.t. 
in  central  Idaho  that  is  apparently  related  to  our  ABLA/GATR   h.t.  and  ABLA/CACA   h.t., 
GATR   phase. 
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Abies  lasiocarpa /Vaccinium  caespitosum   h.t. 
{ABLA/VACA;    subalpine  fir/dwarf  huckleberry) 

Distribution. — ABLA/VACA   is  confined  largely  to  well-drained  sites  on  benchlands 
and  in  frosty  basins  where  cold  air  accumulates.   These  sites  are  at  moderate  eleva- 
tions for  the  Abies  lasiocarpa   series--mostly  between  6,000  and  7,200  feet  in  basins 
near  the  Continental  Divide  and  in  the  Little  Belt  Mountains  (fig.  33).   It  was  also 
found  locally  at  5,000  feet  in  a  basin  west  of  Kalispell. 

Vegetation. — Pinus  contorta   was  the  sole  dominant  conifer  in  nearly  all  stands 
sampled,  and  it  was  often  reproducing  better  than  other  conifers.  Abies   lasiocarpa   and 
Picea   were  common  in  the  understory.   Most  stands  were  less  than  150  years  old,  however, 
so  actual  climax  relationships  could  not  be  clearly  established.  Pinus  contorta   could 
at  least  be  considered  the  persistent  serai  dominant  of  this  habitat  type. 

Undergrowth  is  a  rather  dense  mat  of  Vaccinium  caespitosum,    Vaccinium  scoparium, 
and  Calamagrostis  rubescens,    often  with  Linnaea  borealis. 

The  retarded  tree  succession  in  this  habitat  type  might  be  due  to  frequent  summer 
frosts  coupled  with  warm  daily  maximum  temperatures;  this  combination  would  damage  new 
growth  of  most  conifers,  but  not  Pinus  contorta       Often,  however,  Picea   and  Abies   are 
able  to  grow  satisfactorily  once  they  become  well  established;  establishment  difficul- 
ties may  include  competition  from  the  undergrowth  and  lack  of  seed  source,  as  well  as 


Figure  33. — Abies  lasiocarpa/Vaccinium  caespitosum  h.t.    on  benchland   (6,400  feet  elev.) 
in  the  Little  Belt  Mountains  of  central  Montana.      Pinus  contorta  dominates   the 
overstory ;   regeneration  is   P.  contorta,  Abies  lasiocarpa,  and   Pseudotsuga.   Cala- 
magrostis rubescens  and  Vaccinium  caespitosum  are  the  principal  undergrowth  species. 
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frost  damage.  The  scarcity  of  the  frost-susceptible  Vaaoiniwn  globulare   in  this 
habitat  type  seems  significant  also.  ABLA/VASC,   ABLA/XETE,    or  ABLA/VAGL   is  usually 
found  on  adjacent  upland  slopes,  and  the  ABLA/CACA   h.t.,  VACA   phase  occurs  on  adjacent 
sites  with  high  water  tables. 

Soil. — Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-l).   Surface  soils  were  gravelly  and  nongravelly  sandy  loams  to  silts  with  acidic 
to  very  acidic  reactions  (mean  pH  5.0).   Ground  surfaces  had  virtually  no  bare  soil  or 
rock  exposed;  duff  depth  averaged  4.8  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4),  and 
Pinus  contorta   appears  to  be  the  only  species  well  suited  for  management.  Pinus 
oontovta   has  mostly  nonserotinous  cones  in  this  habitat  type,  and  natural  seedling 
establishment  seems  to  occur  periodically  even  without  disturbance.   Gentle  terrain 
and  stable  soil  conditions  are  favorable  for  timber  management.   Some  mechanical 
scarification  is  desirable  to  prevent  a  mat  of  Calamagrostis  rubesaens   from  retarding 
reproduction . 

Intensive  recreational  sites,  such  as  campgrounds  and  picnic  areas,  are  often  lo- 
cated in  this  habitat  type.   Observations  made  in  campgrounds  indicate  that  Vaccinium 
aaespitosum  usually  increases  its  coverage  under  moderate  disturbance,  while  its 
associate  V.    scoparium   dies  out.   However,  heavy  foot  traffic,  not  directed  or  regulated 
by  paths  and  barriers,  will  soon  destroy  most  of  the  V.    aaespitosum   also. 

Light  to  moderate  use  by  moose,  elk,  and  deer  is  evident.   Cattle  use  also  occurs 
in  some  areas,  although  forage  potentials  for  grazing  are  generally  low. 

Other  studies.  —  In  frosty  basins  of  central  Idaho,  Robert  Steele  and  others 
(1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  described  an 
ABLA/VACA   h.t.  dominated  by  "stable  communities  of  Pinus  contorta."      In  most  stands  they 
found  only  scattered  and  often  stunted  Pioea   and  Abies   beneath  the  Pinus  oontovta, 
along  with  numerous  seedlings  of  the  latter.   This  situation  is  more  extreme  than  that 
found  in  Montana  stands.  ABLA/VACA   has  evidently  not  been  described  in  other  areas, 
although  Ogilvie's  (1962)  Picea-Abies/Calamagrostis   type  appears  similar. 

Abies  lasiocarpa/ Calamagrostis  canadensis   h.t. 
{ABLA/CACA;    subalpine  fir/blue joint) 

Distribution. — ABLA/CACA   is  the  major  forest  habitat  type  on  wet  sites  at  rela- 
tively high  elevations  (mostly  6,000  to  7,500  feet  in  west-central  Montana  and  7,000 
to  8,500  feet  east  of  the  Continental  Divide)  in  Montana,  except  in  the  northwestern 
part  of  the  State.   It  is  widely  distributed  in  high  mountains  near  and  east  of  the 
Continental  Divide,  but  is  often  confined  to  small  areas  because  it  is  restricted  to 
poorly  drained  sites  that  have  surface  water  during  late  spring  and  early  summer  (fig. 
34).   These  sites  often  border  streams,  adjoin  wet  meadows  (dominated  by  Carex   and 
Juncus)    supporting  only  occasional  trees,  or  occur  as  swales  at  the  drainage  head- 
waters.  Adjacent  better  drained  sites  often  support  the  ABLA/VASC   and  ABLA/MEFE 
h.t.s.   Sometimes  ABLA/CACA   occurs  on  mountainslope  seep  areas.   Herbert  Holdorf 

(soil  scientist,  Lewis  and  Clark  National  Forest,  Great  Falls,  Montana)  has  found 

it  to  be  locally  extensive  on  sites  underlain  by  a  clay  pan. 

Vegetation. — Because  of  the  cool,  wet  conditions  the  tree  flora  is  relatively 
simple.  Picea  engelmannii   is  usually  the  dominant  species  in  old-growth  stands,  and 
it  may  persist  as  a  minor  climax  or  coclimax  with  Abies  lasiocarpa.      Pinus  contorta 
is  a  major  serai  dominant  in  many  younger  stands.   The  upper  limits  of  the  habitat 
type  occasionally  extend  into  the  upper  subalpine  zone  in  protected  basins.  Pinus 
albicaulis   may  be  well  represented  in  these  situations,  but  it  is  most  commonly  found 
on  hummocks  or  drier  sites  within  the  stand. 
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Figure  34. — Abies  lasiocarpa/Calamagrostis  canadensis  h.t.       fCalamagrostis  phase  at 
8,100  feet  elev.    on  a  seep -gov  erect  slope  in  the  Beaverhead  Range  of  southwestern 
Montana.      The  overstory  is  dominated  by  large   Picea  and  smaller   Abies  lasiocarpa. 
The   luxuriant  undergrowth  has   Veratrum  viride,  Senecio  triangularis,  Calamagrostis 
canadensis,  and   Ledum. 

Wet-site  graminoids  and  forbs  and  Ledum  glandulosum   characteristically  dominate 
the  undergrowth.  Calamagrostis  canadensis   and  Senecio  triangularis   are  usually  well- 
represented  in  the  undergrowth.  Vaccinium  scoparium   is  abundant  on  drier  hummocks, 
such  as  around  the  bases  of  large  trees;  Vaccinium  caespitosum   is  prominent  in  one 
phase  of  the  habitat  type.   Dwarf  shrubs  Kalmia  polifolia   and  Gaultheria  humifusa   are 
sometimes  present.  Dodecatheon  jeffreyi,   Ligusticum  tenuifolium,    L.    canbyi,    Streptopus 
amplexifolius,    Veratrum  viride,    and  Trollius  laxus   are  also  characteristic  of  the 
ABLA/CACA   h.t. 

Calamagrostis  canadensis    (CACA)   phase. --This  is  the  commonest  phase,  representing 
the  high-elevation  conditions  described  above  for  the  habitat  type  in  general. 

Galium  triflorum   (GATE)   phase. --This  phase  occurs  near  the  lower  elevational 
limits  of  the  habitat  type,  where  it  is  transitional  to  warmer  habitat  types  below, 
such  as  ABLA/GATR   or  PICEA/EQAR.      Sample  stands  ranged  from  5,800  feet  in  the  Bitter- 
root  Valley  to  7,400  feet  in  south-central  Montana.  Picea,   Abies   lasiocarpa,    and 
occasionally  Pinus  contorta   constituted  the  tree  flora  of  sample  stands.  Calamagrostis 
canadensis   was  accompanied  in  the  undergrowth  by  Galium  triflorum   and  Ribes  lacustre, 
sometimes  along  with  Actaea  rubra   and  Linnaea  borealis ,    indicating  a  milder  climate. 

Vaccinium  caespitosum    (VACA)   phase. --This  phase  is  also  associated  with  the  lower 
elevations  of  the  habitat  type,  where  it  is  often  transitional  to  the  ABLA/VACA   h.t. 
on  drier  ground.   A  mosaic  of  Carex   wet  meadows,  ABLA/CACA   h.t.,  VACA   phase,  and 
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ABLA/VACA   h.t.  sometimes  develops  in  flat  basins  where  water-table  depth  is  variable. 
This  condition  results  from  varying  depth  to  an  impermeable  layer.   Elevations  of 
sample  stands  were  about  5,000  feet  in  the  Flathead  Valley  northwest  of  Kalispell  and 
7,000  to  7,400  feet  in  southwestern  and  central  Montana.   This  phase  contrasted  with 
the  others  in  having  Pinus  contorta   as  the  dominant  component  of  sample  stands,  while 
Picea   and  Abies   are  only  minor  components.   Undergrowth  is  distinguished  by  Vaccinium 
caespitosum   being  associated  with  Calamagrostis  canadensis.      Ledum   and  Linnaea  borealis 
were  present  in  more  than  half  of  the  sample  stands. 

Soil /Climate. — Soils  in  the  ABLA/CACA   h.t.  were  derived  from  a  variety  of  noncal- 
careous  parent  materials  (appendix  D-l).   Moist  surface  soils  were  acidic  to  very 
acidic  sandy  loams  to  silts.   Most  were  nongravelly.   Ground  surfaces  had  little  bare 
soil  or  rock  exposed.   Duff  accumulations  were  extremely  variable,  ranging  from  almost 
none  (in  stream  bottom  sites  subject  to  flooding)  to  depths  of  10  to  15  cm  in  seepage 
or  depression  areas. 

Climatic  conditions  for  the  ABLA/CACA   h.t.  are  probably  similar  to  those  for 
ABLA/VASC   (appendix  D-2) ,  except  that  the  former  probably  has  higher  relative  humidities 
and  slightly  cooler  temperatures. 

Fire  history. — ABLA/CACA   sites  are  apparently  skipped  by  some  of  the  lightning  fires 
that  burn  the  adjacent  upland  forest;  but  the  abundance  of  Pinus  contorta   in  sample 
stands  suggests  that  occasional  hot  fires  occur,  probably  during  late-summer  droughts. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E) .   The  CACA 
phase  appears  to  have  lower  productivity  than  the  other  phases.  Picea    (attaining  maxi- 
mum heights  of  90  to  120  feet  in  most  stands)  and  Pinus  contorta   offer  greatest  poten- 
tial for  timber  management.   However,  choice  of  cutting  methods  is  largely  restricted 
to  clearcutting  because  of  severe  windthrow  hazards  associated  with  partial  cutting  on 
high-water-table  sites.   In  narrow  stringers  along  watercourses,  light  selection  cutting 
(removing  less  than  30  percent  of  the  basal  area)  can  sometimes  be  done  with  little 
damage  to  the  site  or  stand.   Heavy  equipment  should  not  be  used  in  the  spring  and 
early  summer  when  water  tables  are  highest. 

Moderate  summer  use  by  deer  and  often  by  elk  was  evident  in  most  sample  stands  in 
the  CACA   and  VACA   phases.   Relatively  heavy  use  by  moose  was  noted  in  each  of  the  GATE 
phase  stands  sampled.   Domestic  grazing  values  may  be  relatively  high  in  early  succes- 
sional  stages.   However,  cattle  may  churn  the  wet  soils  by  trampling  and  severely  limit 
conifer  seedling  establishment.   Sites  are  poorly  suited  for  roads,  trails,  or  other 
developments.   Protection  of  water  resources  is  a  major  consideration  in  any  management 
activity  in  this  habitat  type. 

Other  studies. — The  1974  review  draft  of  our  Montana  classification  treated  the 
current  GATE   and  VACA   phases  as  CACA   phases  of  the  ABLA/GATR   and  ABLA/VACA   h.t.s; 
the  change  places  primary  importance  on  Calamagrostis  canadensis   and  its  associates 
as  indicators  of  seasonally  water- saturated  sites. 

Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Inter- 
mountain  Station)  have  used  a  more  restrictive  definition  for  ABLA/CACA   in  central  Idaho, 
where  it  is  accompanied  by  several  other  high-elevation  wet  types  covering  extensive 
areas.  Cooper  (1975)  also  described  an  ABLA/CACA   h.t.  in  northwestern  Wyoming. 

Abies  lasiocarpa/ Linnaea  borealis   h.t. 
(ABLA/LIBO;    subalpine  fir/twinf lower) 

Distribution. — ABLA/LIBO   is  associated  with  relatively  moist,  north-facing  slopes 
and  benches  mostly  at  elevations  of  5,000  to  7,000  feet,  which  are  moderate  for  the 
Abies   lasiocarpa   series.   It  occurs  rather  commonly  throughout  the  Montana  Rockies. 
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Vegetation. — Serai  stands  are  usually  dominated  by  Pseudotsuga,   Pinus  contorta, 
and/or  Picea.      Undergrowth  varies  considerably  by  phase  of  the  habitat  type.   Neverthe- 
less, shrubs  Linnaea  borealis,   Lonicera  utahensis ,    Vaccinium  globulare,    and  herbs 
Calamagrostis  rubescens,   Arnica  lati  folia,    and  Pyrola  seounda   occur  throughout  the  type. 

Linnaea  borealis    (LIBO)   phase. --This  phase  was  sampled  in  the  vicinities  of  the 
Lolo,  Bitterroot,  Lewis  and  Clark,  and  Gallatin  National  Forests.   It  was  largely  re- 
stricted to  north-facing  slopes  between  5,000  and  6,500  feet  elevation,  except  on  the 
Gallatin  where  it  was  found  near  7,500  feet.  Pseudotsuga,   Pinus  contorta,    and  Picea, 
(in  order  of  decreasing  abundance)  were  the  major  dominants  in  sample  stands,  along 
with  Abies   lasiocarpa.      Pinus  ponderosa   and  Larix  oocidentalis   were  major  components  of 
some  serai  stands  in  the  Lolo  and  Bitterroot  National  Forests.   Undergrowth  is  as 
described  for  the  type  with  the  frequent  addition  of  Amelanchier  alnifolia   and  Rubus 
parviflorus.      Widely  scattered  individuals  of  either  Galium  triflorum   or  Aotaea  rubra 
are  sometimes  found,  but  this  does  not  qualify  the  stand  for  inclusion  in  the  more 
moist  ABLA/GATR   h.t. 

Xerophyllum  tenax   (XETE)   phase. --This  phase  was  found  only  in  the  vicinities  of 
the  Flathead,  Lolo,  and  Bitterroot  National  Forests,  where  it  was  occasional  on  all 
aspects  between  4,500  and  6,000  feet.   It  gives  way  to  the  ABLA/XETE   h.t.,  VAGL   phase 
on  drier  sites,  and  to  ABLA/GATR   or  ABLA/CLUN   on  more  moist  ones.   Major  associates  of 
Abies   in  serai  stands  are  (in  order  of  decreasing  abundance)  Pseudotsuga,   Pinus  aontorta, 
Larix  ocaidentalis ,    and  Picea.      Xerophyllum   and  Vaccinium  globulare   form  the  dominant 
undergrowth  in  this  phase,  and  are  often  accompanied  by  Amelanchier  alnifolia,   Pachis- 
tima  myrsinites ,   Rubus  parviflorus,    and  Vaccinium  scoparium   in  addition  to  the 
characteristic  typal  species. 

Vaccinium  scoparium   (VASC)   phase. --This  phase  was  found  commonly  on  the  Deerlodge 
and  Beaverhead  National  Forests  and  in  the  Little  Belt  Mountains,  where  it  was  associ- 
ated with  gentle  north  slopes  and  benches  between  6,300  and  7,300  feet.   Like  the 
ABLA/VASC   and  ABLA/VAGL   h.t.s.  that  it  adjoins  on  drier  sites,  it  is  usually  dominated 
by  serai  stands  of  Pinus  contorta.      Picea   and  Pseudotsuga   are  minor  components  of  most 
stands.   A  layer  of  Vaccinium  scoparium,    which  has  Linnaea   and  Calamagrostis  rubescens 
growing  with  it,  dominates  the  undergrowth.  Vaccinium  globulare   may  be  present,  but 
is  seldom  a  major  component  of  the  undergrowth.   Tom  Lawrence,  Kootenai  National  Forest, 
has  also  found  this  phase  to  be  common  between  4,600  and  5,300  feet  on  gentle  slopes  in 
the  relatively  dry  mountains  south  and  west  of  Eureka  in  northwestern  Montana.   Serai 
stands  there  are  dominated  mostly  by  Larix  ocaidentalis   and  Pinus  contorta   with  lesser 
amounts  of  Picea   and  Pseudotsuga, 

Soil. --Our   stands  were  on  a  variety  of  parent  materials  (appendix  D-l) .   These 
were  noncalcareous  except  for  several  stands  in  the  LIBO   phase.   Surface  soils  in  the 
LIBO   phase  were  gravelly  loams  to  silts  with  neutral  to  acidic  reaction.   Surface  soils 
in  the  VASC   phase  were  similar  except  for  finer  textures  and  greater  acidity.   Sur- 
face soils  in  the  XETE   phase  were  gravelly  to  very  gravelly  sandy  loams  to  silts  with 
acidic  reactions.   Ground  surfaces  generally  had  very  little  bare  soil  or  rock  exposed 
and  moderate  duff  depths. 

Productivity /Management. --Timber  productivity  ranges  from  low  to  high  (appendix 
E) .   The  LIBO   and  XETE   phases  appear  to  have  the  highest  productivity;  the  VASC   phase 
the  lowest.   Since  ABLA/LIBO   sites  are  generally  located  on  well -drained  uplands, 
they  provide  good  opportunities  for  timber  management.   Our  observations  suggest  that 
Pseudotsuga   may  often  be  frost -damaged  when  planted  in  the  VASC   phase.  Value  for 
domestic  grazing  is  low.   Light  or  sometimes  moderate  spring  to  fall  use  by  deer  and 
elk  was  evident  in  the  sample  stands;  browse  is  limited,  but  stands  provide  good  cover 
for  big  game.   Water  yield  is  moderately  high, 

Other  studies. — Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  described  a  comparable  ABLA/LIBO   h.t.  in  central  Idaho, 
and  Cooper  (1975)  reported  the  type  in  the  northwestern  portion  of  Yellowstone  National 
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Park,  but  nowhere  else  in  northwestern  Wyoming.   In  northern  Idaho,  R.  and  J.  Dauben- 
mire  (1968)  found  Linnaea   to  be  almost  constantly  associated  with  their  "Paehistima 
union."   In  Montana  various  members  of  that  union  reach  their  eastern  range  limits: 
Clintonia   drops  out  in  northwestern  Montana,  and  farther  east  the  depauperate 
"Paohistima   union"  is  represented  by  the  ABLA/GATE   h.t.  (on  very  moist  sites)  and  by 
the  ABLA/LIBO   h.t.  (on  moist,  but  better  drained  sites). 

Abies  lasiooarpa/Menziesia  ferrugina   h.t. 
(ABLA/MEFE;    subalpine  f ir/menziesia) 

Distribution. — ABLA/MEFE   is  an  abundant  habitat  type  in  the  moist,  higher  elevatior 
forests  of  western  Montana  (fig.  35).   It  extends  eastward  slightly  beyond  the  Contin- 
ental Divide,  and  includes  an  isolated  population  near  Hebgen  Lake  in  the  Madison 
Range.  Menziesia's   distribution  in  the  northern  Rockies  generally  coincides  with  the 
area  having  a  maritime  climatic  influence. 

In  northwestern  Montana  ABLA/MEFE   generally  occurs  on  all  cool  exposures  between 
about  5,300  and  6,500  feet.   It  is  restricted  to  the  coolest,  most  sheltered  slopes  on 
the  Bitterroot  National  Forest,  but  it  is  common  there  between  5,500  and  7,200  feet. 
In  southwestern  Montana,  including  the  isolated  occurrence  near  Hebgen  Lake,  it  is 
restricted  to  cool,  sheltered  slopes  between  6,700  and  7,500  feet.   In  northwestern 
Montana  ABLA/MEFE   is  usually  bordered  below  by  ABLA/CLUN   h.t.,  MEFE   phase.   Elsewhere 
it  typically  gives  way  below  to  ABLA/LIBO   h.t.   Usually  at  higher  elevations  it  adjoins 


Figure  35. — Abies  lasiocarpa/Menziesia  ferruginea  h.t.    on  a  steep  north-facing  stove 
(6, 300  feet  elev.)  north  of  Hungry  Horse  Eeservoir  in  northwestern  Montana.      The 
overstory  is  dominated  by   Abies  lasiocarpa  and   Picea;  Menziesia  dominates  the 
undergrowth. 
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ABLA/LUHI   h.t.,  MEFE   phase.   Approaching  drier  exposures  it  usually  merges  with  ABLA/ 
XETE   h.t.;  occasionally  the  transition  forms  a  conspicuous  zone  having  scattered 
Menziesia   shrubs.   At  the  edge  of  very  wet  sites  ABLA/MEFE   usually  gives  way  to  marsh 
or  bog  vegetation  or  to  ABLA /C AC A   h.t. 

Vegetation. — Abies   lasiooarpa   is  usually  the  most  abundant  conifer  in  old-growth 
stands;  however,  large  individuals  of  Pioea  engelmannii   are  often  more  conspicuous. 
Pinus  oontorta   and  frequently  Pseudotsuga   are  the  other  common  stand  components. 
Larix  ocoidentalis   is  often  a  serai  component  of  stands  in  northwestern  Montana. 

Menziesia   forms  a  patchy  or  dense  layer  usually  4  to  6  feet  tall,  often  accompanied 
by  Alnus  sinuata.      Beneath  these  shrubs,  Vaooinium  globulare,    V.    sooparium,   Xerophyllum 
tenax,   and  Arnica   latifolia   are  usually  well  represented.  Pyrola  seounda,    Viola 
orbioulata,   and  a  few  other  scattered  forest  herbs  are  also  characteristically  present. 

In  southwestern  Montana,  Menziesia   is  often  only  3  to  4  feet  tall,  with  obvious 
frost  damage  to  the  tallest  shoots,  presumably  because  of  inadequate  snowpack 
protection  during  subzero  winter  temperatures. 

Soil/Climate. — Soils  in  the  ABLA/MEFE   h.t.  were  derived  from  a  variety  of  noncal- 
careous  parent  materials  (appendix  D-l).   Surface  soils  were  gravelly  (28  percent) 
loams  to  silts  with  very  acidic  to  acidic  reactions  (mean  pH  4.9).   Ground  surfaces 
had  almost  no  bare  soil  or  rock  exposed;  duff  depth  averaged  4.7  cm. 

Weather  data  from  Burke,  Idaho  (appendix  D-2)  should  approximate  climatic  conditions 
in  ABLA/MEFE   h.t.s  in  northwestern  Montana. 

Productivity/Management. — Timber  productivity  is  moderate  to  high  (appendix  E) . 
with  several  commercial  species  well  adapted  to  these  sites  (appendix  B) .   However, 
intensive  management  for  timber  production  presents  some  major  problems.   Partial 
cutting  leads  to  an  increase  in  the  shade-tolerant  Abies  lasiooarpa   or  to  a 
lack  of  regeneration  under  the  dense  Menziesia  ferruginea   and  Alnus  sinuata   under- 
growth. Clearcutting  is  recommmended  to  establish  vigorous  second-growth  stands  of 
serai  species.   Site  preparation  is  essential  and  can  be  accomplished  by  dozer 
scarification  on  gentler  slopes.   However,  on  steep  slopes  prescribed  burning  is  the 
only  feasible  method.  Unfortunately,  fuels  on  these  slopes  remain  moist,  leaving 
only  a  brief  period  in  certain  years  when  successful  burning  can  be  accomplished. 
The  silvicultural  recommendations  of  Roe  and  DeJarnette  (1965)  and  Boyd  and  Deitschman 
(1969)  are  probably  applicable  to  this  habitat  type  as  well  as  TSME/MEFE. 

Watershed  value  is  high;  maintaining  or  improving  water  yields  by  regulating 
flows  should  be  considered  in  any  management  actions.   Elk  often  make  extensive 
use  of  this  habitat  type  for  both  cover  and  forage  during  the  summer  and  fall.   There 
is  no  potential  for  domestic  grazing.   Recreational  use  is  severely  limited  by  dense 
undergrowth  and  steep  slopes. 

Other  studies .--R.  and  J.  Daubenmire  (1968)  described  an  Abies  lasiooarpa/ 
Menziesia  ferruginea   h.t.  in  northern  Idaho  and  eastern  Washington  that  predominates 
on  cool  aspects  at  higher  elevations.   Three  of  their  stands  (numbers  134,  137,  and 
159)  appear  comparable  to  our  ABLA/MEFE   h.t.   The  remainder  of  their  stands  are 
evidently  similar  to  our  ABLA/LUHI   h.t.,  MEFE   phase.   Robert  Steele  and  others  (1975 
preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  have  found  ABLA/MEFE 
h.t.  extending  southward  into  west-central  Idaho.   Ogilvie  (1962)  described  a  simi- 
lar habitat  type  occurring  between  about  5,000  and  5,800  feet  in  southwestern  Alberta; 
he  found  the  soils  to  be  highly  podzolized,  strongly  leached,  and  very  acidic. 
Franklin  and  Dyrness  (1973)  discuss  an  Abies  amabilis /Menziesia   association  found 
on  high,  cool  exposures  in  the  Cascade  Mountains  of  Oregon  and  Washington. 
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Tsuga  mertensiana/Menziesia  ferruginea   h.t. 
[TSME/MEFE;   mountain  hemlock/menziesia) 

Distribution. — This  habitat  type  is  distinguished  from  ABLA/MEFE   by  the  presence 
of  successfully  reproducing  Tsuga  mertensiana.      TSME/MEFE   is  associated  with  mountain 
climates  having  an  especially  strong  oceanic  influence;  it  is  restricted  to  the 
border  region  of  northwestern  Montana  between  Lolo  Pass  and  Libby,  where  it  is  found 
at  between  5,400  and  6,400  feet.   Many  of  our  Tsuga  mertensiana   sample  stands  came 
from  Habeck  (1967).   Along  the  Montana-Idaho  Divide  west  of  St.  Regis,  this  habitat 
type  gives  way  to  TSME/LUHI   h.t.,  MEFE  phase  above  about  6,000  feet,  whereas  on  the 
next  mountain  range  east  (presumably  not  having  such  an  extremely  heavy  snowfall)  it 
extends  higher.   It  is  bordered  on  dry  exposures  by  the  TSME/XETE   or  ABLA/XETE 
h.t.s,  and  at  lower  elevations  by  the  ABLA/CLUN   h.t.,  MEFE   phase. 

Vegetation. --Tsuga   may  be  either  the  climax  dominant  or  a  coclimax  with  Abies 
lasioaarpa.      Sample  stands  were  dominated  by  Tsuga   and  Abies   with  only  small  amounts 
of  Pioea  engelmannii,   Larix  occidentalis ,   Pinus  monticola,    and  Pseudotsuga  menziesii    (in 
order  of  decreasing  abundance).   Undergrowth  is  similar  to  that  of  the  ABLA/MEFE   h.t. 

Soil. — Soils  appear  similar  to  those  of  the  ABLA/MEFE   h.t.  (appendix  0-1). 

Productivity /Management. — This  is  similar  to  that  for  ABLA/MEFE   except  that  serai 
conifers  are  often  only  minor  components  of  natural  stands. 

Other  studies . --This   habitat  type  has  been  described  in  northern  Idaho  by  R.  and 
J.  Daubenmire  (1968),  where  it  is  apparently  more  extensive.   Three  of  their  sample 
stands  (numbers  12,  63,  and  132)  appear  comparable  to  our  TSME/MEFE   h.t.  in  Montana. 
The  remainder  of  their  stands  are  evidently  similar  to  our  TSME/LUHI   h.t.,  MEFE   phase. 

Abies  lasiocarpa/Xerophyllum  tenax   h.t. 
{ABLA/XETE;    subalpine  fir/beargrass) 

Distribution. — ABLA/XETE  makes  up  a  major  portion  of  the  Abies  lasioaarpa 
series  west  of  the  Continental  Divide  in  Montana,  where  it  is  usually  associated  with 
steep,  dry  exposures  between  5,200  and  7,000  feet  elevation.   The  eastern  limits  of 
Xerophy Hum  tenax  are  generally  correlated  with  fringes  of  the  maritime  climatic  in- 
fluence. An  isolated  occurrence  of  Xerophyllum    (and  ABLA/XETE   h.t.)  far  beyond  its 
normal  limits  was  noted  in  the  vicinity  of  Elephanthead  Peak,  southeast  of  Livingston. 

Vegetation. — Abies  lasioaarpa   is  the  indicated  climax  species  and  Picea   is  a 
minor  component  of  most  stands.  Pinus  contorta   is  a  serai  dominant  throughout  the 
type,  but  Pseudotsuga' s   role  varies  by  phase.  Pinus  albicaulis   is  a  minor  component 
in  many  stands. 

In  addition  to  Xerophyllum  tenax,  undergrowth  species  occurring  through  the 
habitat  type  include  Vacoinium  scoparium,  Calamagrostis  rubescens,  Carex  geyeri, 
Arnica  latifolia,   and  Pyrola  secunda. 

Vaccinum  globulare    (VAGL)   phase. --This  phase  is  abundant  on  relatively  dry  slopes 
and  ridges  between  5,000  and  6,300  feet  in  northwestern  and  west -central  Montana. 
Elevations  are  somewhat  higher  near  the  southern  and  eastern  limits  (fig.  36).   It 
typically  merges  with  ABLA/MEFE   on  moist  exposures;  with  ABLA/LUHI   h.t.,  VASC   phase 
at  higher  elevations;  and  with  PSME/VAGL   h.t.,  XETE   phase  on  drier  and  warmer  sites. 

Pseudotsuga   and  Pinus  contorta   typically  dominate  serai  stands,  with  Larix 
occidentalis   and  Pinus  monticola   present  in  lesser  amounts.  Picea  engelmannii   is 
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Figure  36. — Vaccinium  globulare  phase    fABLA/XETE  h.t.  )  on  a  south-facing  slope    (at  an 
unusually  high    elevation    of  8,100  feet)   in  the  Beaverhead  Range  of  southwestern 
Montana.      Older   Picea  and  all-aged   Abies  lasiocarpa  make  up  the  overstory  of  this 
250-year-old  stand.      Xerophyllum  and   Vaccinium  globulare  are  the  principal  under- 
growth species. 

common  as  a  minor  component  in  all  but  the  driest,  south-facing  slopes,  where 
Viola  orbiculata   is  also  conspicuously  absent. 

Undergrowth  is  dominated  by  Xerophyllum   and  Vaccinium  globulare,    with  minor 
coverages  of  Pachistima  myrsinites,   Thalictrum  occidentale,    and  other  species  listed 
previously  for  the  type.   This  phase  is  similar  to  the  ABLA/XETE   h.t.,  VAGL   phase 
defined  for  central  Idaho  by  Robert  Steele  and  others  (1975  preliminary  draft,  USDA 
Forest  Service,  Intermountain  Station).   It  is  also  similar  to  R.  and  J.  Daubenmire's 
(1968)  Abies  lasiocarpa/Xerophyllum  tenax   h.t.  in  northern  Idaho,  (except  for  stands 
57  and  127,  which  are  comparable  to  our  ABLA/LUHI   h.t.,  VASC   phase). 

Vaccinium  scoparium   (VASC)   phase. --This  phase  represents  the  habitat  type  near  its 
eastern  limits,  in  the  broad  zone  where  it  is  transitional  to  the  ABLA/VASC   h.t.   It 
was  found  extensively  between  6,000  and  7,500  feet  in  west-central  Montana  near  the 
Continental  Divide.   This  phase  is  typically  found  on  gentle  slopes,  cool,  well-drained 
benches,  or  on  cooler  aspects  than  the  VAGL   phase.  Pinus  contorta   is  the  dominant 
serai  species  (fig.  37).  Pseudotsuga   is  widely  scattered  and  apparently  is  frost- 
stunted.  This  phase  is  generally  beyond  the  range  lijiiits  of  Larix  occidentalis.      Other 
conifers  occur  as  described  previously  for  the  type.   Undergrowth  contrasts  with  that 
of  the  VAGL   phase  in  that  Vaccinium  globulare   is  scattered  or  absent,  Xerophyllum 
coverage  is  reduced,  and  Vaccinium  scoparium   is  dominant.   Nearly  all  sample  stands 
were  dominated  by  serai  Pinus  contorta,    suggesting  that  extensive  lightning  fires  occur 
periodically. 
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Figure  37. — Vaccinium  scoparium  phase    (ABLA/XETE  h.t.)  atop  a  level  ridge    (73500  feet 
elev.)  northeast  of  Wisdom  in  southwestern  Montana.      Serai   Pinus  contorta  dominates 
the  overstory  along  with  scattered   Picea;  Abies  lasiocarpa  forms  the  bulk  of  the 
regeneration.      Vaccinium  scoparium  dominates  in  the  undergrowth;    Xerophyllum  is 
scattered  about. 


Weather  data  for  Summit  (Marias  Pass)  in  appendix  D-2  shows  this  to  be  a  cold, 
snowy,  forest  environment,  with  a  winter  climate  more  severe  than  that  of  the  VAGL   phase. 

This  phase  has  much  in  common  with  the  ABLA/VASC   h.t.,  which  becomes  extensive 
eastward  in  more  continental  and  generally  drier  climates.   Several  of  Robert  Steele 
and  others'  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  sample 
stands  (in  their  ABLA/XETE   h.t.,  XETE  phase)  in  central  Idaho  would  evidently  fit  our 
VASC   phase. 

Soil. — Soils  in  the  ABLA/XETE   h.t.  were  derived  from  a  variety  of  noncalcareous 
parent  materials  (appendix  D-l).   Surface  soils  were  gravelly  sandy  loams  to  silts. 
Reactions  were  primarily  acidic  in  the  VAGL   phase  (mean  pH  5.1)  and  very  acidic  in  the 
VASC   phase  (mean  pH  4.6).   Ground  surfaces  had  little  bare  soil  and  rock  exposed;  duff 
depth  averaged  about  3.5  cm. 

Productivity /Management. — Timber  productivity  ranges  from  low  to  high  (appendix  E) ; 
highest  values  are  generally  in  the  VAGL   phase.  The  VAGL   phase  offers  opportunities 
for  mixed  species  management,  but  prompt  establishment  of  regeneration  may  require  both 
site  preparation  and  shade.  Pseudotsuga   and  Pinus  contorta   appear  to  offer  the  greatest 
potential  for  timber  management.   In  the  VASC   phase,  timber  management  is  generally 
limited  to  Pinus  contorta.      However,  regeneration  may  be  easier  to  obtain  on  these  cool- 
er aspects,  and  the  gentler  terrain  is  better  suited  for  intensive  timber  management. 

Browse  production  for  deer  and  elk  is  moderate  in  the  VAGL   phase  and  low  in  the 
VASC   phase.   Evidence  of  light  to  moderate  summer  and  fall  use  by  deer  and  elk  is 
present  in  most  stands.   Occasional  use  by  moose  is  evident  in  the  VASC   phase. 
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Domestic  grazing  potential  is  generally  low.   Watershed  management  should  recognize 
the  moderately  high  precipitation  coupled  with  high  evapotranspiration  and  runoff  rates 
on  southerly  exposures.   Snowpack  in  this  habitat  type  (especially  in  the  VAGL   phase) 
may  melt  periodically  during  winter  and  disappear  in  the  spring  several  weeks  earlier 
than  in  adjacent  types. 

Tsuga  mertensiana/Xerophyllum  tenax   h.t. 
{TSME/XETE;   mountain  hemlock/beargrass) 

Distribution. — TSME/XETE   occurs  only  sparingly  in  Montana.   It  is  found  mostly  at 
5,500  to  6,500  feet  elevation  on  upper  slopes  and  ridges  in  the  extreme  northwestern 
part  of  the  State,  between  Lolo  Pass  and  Libby.   In  northern  Idaho  it  commonly  occupies 
the  warm  exposures,  but  eastward  from  the  Idaho-Montana  Divide  comparable  exposures 
often  lack  Tsuga   and  are  characterized  by  the  ABLA/XETE   h.t.,  VAGL   phase. 

Vegetation. — Vegetation  of  the  TSME/XETE   h.t.  appears  generally  similar  to  that 
described  for  the  ABLA/XETE   h.t.,  VAGL   phase,  except  that  TSME/XETE   is  associated  with 
a  moist,  more  strongly  maritime  climate.   Serai  stands  in  the  TSME/XETE   h.t.  are  less 
likely  to  have  Pseudotsuga   than  those  of  the  ABLA/XETE   h.t.,  VAGL   phase,  but  they  are 
more  likely  to  have  Pinus  montioola. 

Soil. — Soils  were  similar  to  those  described  for  the  ABLA/XETE   h.t.,  VAGL   phase 
(appendix  D-l) . 

Productivity /Management. --This  is  similar  to  that  described  for  the  ABLA/XETE   h.t., 
VAGL   phase. 

Other  studies. — Three  of  R.  and  J.  Daubenmire's  (1968)  Tsuga  mertensiana/Xerophyllum 
h.t.  stands  in  northern  Idaho  (numbers  47,  98,  and  157)  are  comparable;  the  remainder 
of  their  stands  are  similar  to  our  TSME/LUHI   h.t.,  VASC   phase. 

Abies   lasiocarpa/Vaccinium  globulare   h.t. 
{ABLA/VAGL;    subalpine  fir/blue  huckleberry) 

Distribution. --ABLA /VAGL   is  a  moderately  moist  upland  type  occurring  mostly  on 
north-  or  east-facing  slopes  or  occasionally  on  cool  benches,  usually  between  6,800  and 
7,800  feet  elevation.   It  is  largely  restricted  to  areas  near  or  east  of  the  Continental 
Divide,  and  is  common  in  the  vicinity  of  the  Gallatin  National  Forest.  ABLA/VAGL   often 
alternates  in  a  mosaic  with  the  ABLA/VASC   h.t.  (especially  the  latter's  CARU   phase), 
the  former  apparently  occupying  more  moist  or  more  sheltered  microsites. 

Vegetation. — Abies  lasioaarpa   is  the  apparent  climax,  with  serai  stands  usually 
dominated  by  Pinus  aontorta   or  Pseudotsuga.      Piaea  engelmannii    (or  P.    engelmannii 
X  glauoa)    is  a  common  though  minor  component  of  most  stands,  and  Pinus  albicaulis   is  a 
rather  prominent  minor  species  in  some  stands.   These  latter  stands  were  not  classified 
ABLA-PIAL/VASC   h.t.  because  Pseudotsuga   was  present. 

Undergrowth  is  luxuriant  for  east-side  Abies  lasioaarpa   types.  Vaeainium 
globulare   forms  a  patchy  layer  a  foot  high.  Vaaainium  scoparium   is  also  usually  well 
represented,  but  other  shrubs  occur  only  in  minor  amounts.  Carex  geyeri,    Calamagrostis 
rubesoens,    and  Arnica  cordifolia   are  common  in  more  than  half  of  the  stands;  small 
coverages  of  Osmorhiza  chilensis,   Pyrola  secunda,    and  Thalictrum  occidentale   are  also 
characteristic . 

Soil.—  Soils  in  the  ABLA/VAGL   h.t.  were  derived  from  a  wide  variety  of  parent 

materials  (appendix  D-l).   Surface  soils  were  acidic  gravelly  loams  to  silty  clay  loams. 

Ground  surfaces  had  little  bare  mineral  soil  or  rock  exposed;  duff  was  moderately 
deep  (average  5.3  cm). 
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Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E-4) . 
Pinus  oontorta   should  be  easier  to  regenerate  than  other  species.   Sample  stands 
showed  light  to  moderate  use  by  deer  and  elk  with  occasional  use  by  moose  and  bears. 
Domestic  grazing  use  is  quite  limited,  but  watershed  values  are  relatively  high.   Most 
of  the  denser  stands  of  Vaaoinium  globulare   east  of  the  Continental  Divide  are  limited 
to  this  habitat  type,  so  management  to  enhance  berry  production  may  be  an  important 
consideration.   However,  silvicultural  prescriptions  to  increase  amounts  of  Vaaoinium 
globulare   and  berry  production  are  not  known  at  this  time,  and  it  would  be  unwise  to 
extrapolate  from  other  habitat  types  or  from  areas  where  different  species  of  Vaaoinium 
have  been  studied.   Responses  of  Vaaoinium  globulare   to  various  types  of  vegetative 
manipulation  need  to  be  studied. 

Other  studies .--In  central  Idaho,  Robert  Steele  and  others  (1975  preliminary 
draft,  USDA  Forest  Service,  Intermountain  Station)  have  described  a  generally  similar 
ABLA/VAGL   h.t.  that  also  occurs  largely  beyond  the  range  limits  of  Xerophyllum .   Cooper 
(1975)  described  this  habitat  type  as  reaching  its  maximum  development  in  northeastern 
Idaho  and  northwestern  Wyoming. 

Abies  lasiooarpa/Vaooinium  sooparium   h.t. 
(ABLA/VASC;    subalpine  fir/grouse  whortleberry) 

Distribution. — This  is  one  of  the  most  abundant  forest  habitat  types  near  and 
east  of  the  Continental  Divide  in  Montana.   It  occurs  mostly  on  well-drained  soils  on 
broad  ridges,  gentle  slopes,  and  benches  between  about  7,000  and  8,500  feet.   It  is 
typically  bounded  at  higher  elevations  by  the  ABLA-PIAL/VASC   h.t.,  on  drier  sites  by 
ABLA/CARU   or  PSME/CARU   h.t.s,  and  on  more  moist  sites  by  several  of  the  moist  Abies 
lasiocarpa   h.t.s.  (ABLA/VASC   is  also  locally  common  at  5,000  to  5,700  feet  in  the 
relatively  dry  mountains  south  and  west  of  Eureka  in  northwestern  Montana.) 

Vegetation. — Abies   lasiocarpa   is  the  indicated  climax  and  Pinus  eontorta   is  the 
dominant  serai  species  throughout  the  habitat  type.  Pioea  engelmannii   is  a  major 
component  in  only  the  THOC   phase.  Pseudotsuga   is  a  major  serai  component  in  the  CARU 
phase,  but  becomes  scarce  and  often  frost  stunted  as  it  reaches  its  upper  limits  in  the 
other  two  phases.  (Larix  oocidentalis   shares  dominance  with  Pinus  eontorta   in  serai 
stands  near  Eureka,  based  on  recent  inventory  data  provided  by  Tom  Lawrence,  Kootenai 
National  Forest.) 

Undergrowth  is  dominated  by  a  low-shrub  layer  of  the  Vaaoinium  sooparium,   or 
occasionally  by  V.   myrtillus.      Where  V.   myrtillus   is  associated  with  more  moist  or 
milder  environmental  conditions  that  V.    sooparium,    indicators  of  other  habitat  types  are 
usually  present.   Thus,  V.   myrtillus   can  be  used  as  an  alternate  indicator  of  the 
ABLA/VASC   h.t.  without  implying  ecological  equivalence  of  the  two  species.   We  also 
favored  this  approach  because  of  the  difficulty  in  taxonomically  separating  the  two 
species.   Other  species  in  the  undergrowth  are  inconspicuous,  except  for  modest 
coverages  of  Arnica  latifolia   or  A.    cordifolia,   Carex  geyeri,    and  Calamagrostis  rubesoens 

Calamagrostis  rubesoens    (CARU)   phase. --This  occurs  in  a  warmer  environment  than 
other  phases  of  the  habitat  type.   It  is  found  mostly  between  elevations  of  5,200  and 
7,100  feet,  averaging  almost  1,000  feet  lower  than  the  other  phases.   Although  it  is 
widespread  east  of  the  Continental  Divide,  it  is  less  extensive  than  the  VASC   phase. 
This  phase  is  usually  bounded  on  cooler  sites  by  other  phases  of  the  ABLA/VASC   h.t., 
on  drier  sites  by  the  PSME/CARU   h.t.,  and  on  more  moist  sites  by  the  ABLA/VAGL   h.t. 
Although  Abies   lasiocarpa   is  the  indicated  climax,  sites  are  often  near  the  species' 
lower  altitudinal  (drought)  limits  and  this  tree  is  not  particularly  vigorous.   Most 
sample  stands  are  dominated  by  serai  Pinus  oontorta   and  Pseudotsuga.      Pioea   is  only  a 
minor  component  of  stands  in  this  phase.   The  undergrowth  is  dominated  by  Vaaoinium 
sooparium,    but  several  species  characteristic  of  milder  environments  are  conspicuous 
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in  this  phase.  Calamagrostis  rubescens   is  common  and  either  Arctostaphylos  uva-ursi   or 
Berberis  veneris   are  present.   Additional  species  present  may  include  Juniperus  communis, 
Spiraea  betuli folia,    and  Vacoinium  globulare. 

Vaccinium  scoparium   (VASC)   phase. --Stands  not  meeting  the  criteria  for  the  CARU 
or  THOC   phases  are  classified  here.   This  is  the  most  abundant  phase  of  the  habitat 
type  in  Montana.   It  occupies  cold,  relatively  dry  sites,  usually  on  flat  areas  or 
gentle  slopes  between  7,000  and  8,000  feet  elevation.   It  is  common  in  southwestern 
and  south-central  Montana  as  well  as  in  the  Little  Belt  Mountains,  and  occasionally 
is  found  west  of  the  Continental  Divide. 

Pinus  contovta   is  the  major  dominant  conifer  on  most  sites  and  succession  to 
climax  dominance  by  Abies  lasioaarpa   is  often  very  slow  either  because  of  lack  of  seed 
source  or  apparent  low  vigor  in  this  phase.  Pseudotsuga,    if  present,  is  often  frost- 
stunted.  Pioea   is  usually  scarce.   Undergrowth  is  as  described  previously  for  the 
type. 

The  abundance  of  this  phase  in  central  and  southwestern  Montana  and  central  Idaho 
(Robert  Steele  and  others  1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  seems  to  be  related  to  the  scant  summer  precipitation  in  combination  with 
well-drained  upland  soils. 

Thalictrum  oocidentale    (THOC)   phase. --This  phase  occupies  the  moist,  cool  environ- 
ments within  the  habitat  type.   Sample  stands  ranged  from  7,300  to  8,600  feet  in  eleva- 
tion and  were  common  only  in  the  Beaverhead  and  Gallatin  National  Forests.   This  is 
the  only  phase  having  Pioea   as  a  major  component,  sharing  dominance  about  equally  with 
Abies   lasiocarpa   and  Pinus  oontorta.      Stands  in  this  phase  have  Thalictrum  oooidentale 
common  or  Valeriana  sitchensis   or  Viola  orbioulata   present;  also  they  do  not  meet  the 
criteria  for  the  CARU   phase.   In  addition,  Osmorhiza  chilensis   and  Pyrola  seounda,    not 
found  in  the  drier  VASC   phase,  are  usually  present  here. 

Soil/Climate. — Soils  in  the  ABLA/VASC   h.t.  were  derived  from  a  wide  variety  of 
parent  materials  with  some  differences  by  phase  as  shown  in  appendix  D-l.   Surface 
soils  in  the  VASC   phase  were  gravelly  sandy  loams  to  silts;  those  in  the  CARU   and 
THOC   phases  had  less  gravel  and  were  finer  in  texture.   Soils  in  all  phases  were 
acidic  to  very  acidic.   Ground  surfaces  had  small  amounts  of  rock  and  very  little 
bare  mineral  soil  exposed.   Duff  was  moderate  in  the  VASC   phase  (average  3.5  cm)  to 
moderately  deep  in  the  THOC   phase  (average  5.6  cm). 

Weather  data  from  Kings  Hill  (appendix  D-2)  reflect  the  climate  of  a  relatively 
moist  and  cold  site  in  this  habitat  type. 

Fire  history. — The  preponderance  of  mature,  even-aged  stands  of  Pinus  oontorta 
in  this  habitat  type  is  generally  attributable  to  intense  wildfires,  which  often  follow 
severe  outbreaks  of  mountain  pine  beetle  (Dendroctonus  ponderosae   Hopk.).   This  fire 
history  may  also  have  contributed  to  lack  of  seed  source  of  climax  species.   However, 
fire  scars  on  old-growth  (150  to  250  years)  Pinus  oontorta   trees  in  several  sample 
stands  indicate  that  one  to  three  noncatastrophic  ground  fires  occurred  after  initial 
stand  establishment.   No  doubt  this  strongly  influenced  current  stand  structure. 

Productivity /Management. — Timber  productivity  is  low  to  moderate  (appendix  E) , 
with  highest  productivities  in  the  CARU  and  THOC  phases.  Extensive  areas  of  gentle 
terrain  are  suitable  for  timber  management.  Existing  stands  of  Pinus  oontorta  could 
be  managed  for  small  sawtimber,  pulpwood,  posts,  and  poles.  This  species  should  do 
best  under  even-aged  management  systems.  Pseudotsuga  is  generally  available  for  timber 
production  in  the  CARU  phase;  but  regeneration  may  require  scarification  because  of 
grass  sod.   In  the  THOC   phase,  Picea   is  also  available;  stands  with  overstories  of 


99 


Pinus  oontorta   and  vigorous  understories  dominated  by  Pioea   offer  opportunities  for 
partial  cutting.  According  to  Roe  and  Amman  (1970),  the  risk  of  Pinus  oontorta   loss 
to  mountain  pine  beetle  epidemics  is  less  in  this  habitat  type  than  in  lower  elevation 
habitat  types,  and  smaller  trees  are  less  susceptible  than  large  ones. 

Forage  potential  for  big  game  or  domestic  stock  is  extremely  low  in  forest  stands. 

Clearcuts  may  produce  800  to  1,000  pounds  of  forage  per  acre  per  year,  but  palatability 

ratings  are  only  fair  for  the  native  early-successional  plants  (Basile  and  Jensen 
1971). 

Water  yield  is  relatively  high,  and  management  constraints  may  be  needed  to 
protect  water  resources. 

Other  studies. — Abies  lasiocarpa   and  Pioea  engelmannii/Vaooinium  sooparium 
habitat  types  have  been  described  elsewhere  in  the  Rockies  by  R.  and  J.  Oaubenmire 
(1968),  McLean  (1970),  Pfister  (1972a),  Reed  (1969,  1976);  Wirsing  (1973),  Hoffman  and 
Alexander  (1976) ,  and  Cooper  (1975) .   The  abundance  of  Pioea   and  the  presence  of  moist 
indicator  forbs  suggest  that  most  of  their  stands  are  similar  to  our  THOC   phase.   How- 
ever, the  CAEU   phase  has  also  been  described  in  south-central  British  Columbia  (McLean 
1970),  central  Idaho  (Robert  Steele  and  others  1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station),  and  northwestern  Wyoming  (Cooper  1975).   In  addition, 
Robert  Steele  and  others  (1975)  reported  the  VASC   phase  from  central  Idaho. 

Abies  lasiooarpa/ Alnus  sinuata   h.t. 
{ABLA/ALSI;    subalpine  fir/Sitka  alder) 

Distribution. — ABLA/ALSI   is  a  relatively  cool  and  moist  upland  habitat  type  within 
the  lower  subalpine  forest.   Most  stands  are  located  on  north-facing  slopes  between 
6,500  and  7,500  feet  elevation,  except  in  northwestern  Montana,  where  they  occur  at 
5,000  to  5,800  feet.   The  type  is  rather  widely  distributed  in  the  higher  mountains  of 
the  State;  however,  stands  are  usually  scattered  and  not  extensive. 

In  west-central  Montana  ABLA/ALSI   sometimes  forms  a  transitional  zone  between  the 
ABLA/MEFE   h.t.  and  the  ABLA/XETE   h.t.,  VASC   phase.   Eastward  ABLA/ALSI  might  be  con- 
sidered to  be  an  extension  of  sites  similar  to  ABLA/MEFE.    but  beyond  the  geographic 
limits  of  Menziesia. 

ABLA/ALSI   is  often  bordered  below--on  warmer,  but  similarly  moist  sites--by 
ABLA/LIBO   stands  in  which  Alnus  sinuata   is  well  represented.   East  of  the  Continental 
Divide  the  adjacent  drier  habitat  types  are  ABLA/VASC   or  ABLA/VAGL. 

Stands  are  dominated  to  varying  degrees  by  Pinus  oontorta,    Pioea  engelmannii, 
Abies   lasiooarpa,    and  occasionally  by  Pseudotsuga.      Larix  oooidentalis   is  often  a  major 
component  west  of  the  Continental  Divide.   Undergrowth  is  a  relatively  dense  or  a 
patchy  layer  of  Alnus,    sometimes  with  Vaoeinium  globulare,    V.    sooparium,   or  Xerophyllum 
also  well  represented.   Scattered  Pyrola  seounda,   Arnioa  latifolia,    and  similar  forbs 
are  also  typical. 

Since  all  stands  observed  were  200  years  old  or  less,  retention  of  Alnus   at  the 
theoretical  climax  is  uncertain.   Nevertheless,  the  vegetation  and  environment  are 
distinctive  enough  to  warrant  designation  as  a  habitat  type. 

Soil. — Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-l).   Surface  soils  were  loams  to  silts  with  very  acidic  to  acidic  reactions.   Gravel 
content  averaged  18  percent.   Ground  surfaces  generally  had  no  bare  soil  or  rock  ex- 
posed; duff  depth  averaged  6.0  cm. 
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Productivity /Management. — Timber  productivity  is  moderate  (appendix  E) ;  Pinus 
contorta   and  Piaea   are  prominent  serai  components.   Big-game  use  appears  to  be  light, 
although  stands  may  be  important  for  cover.   Water  yield  should  be  relatively  high. 
The  presence  of  Alnus  sinuata   suggests  that  water  tables  may  be  high  during  part  of 
the  year;  this  would  create  problems  for  certain  management  activities.   Conifers 
should  reestablish  readily  following  major  overstory  removal  or  wildfire;  however, 
tree  growth  may  sometimes  be  retarded  initially  by  the  development  of  an  Alnus - 
dominated  brushfield. 

Other  studies. — Although  Alnus  sinuata   also  forms  a  dominant  undergrowth  in  seep 
areas  and  under  serai  conditions  in  many  moist  habitat  types  (R.  and  J.  Daubenmire 
1968),  these  situations  are  not   included  in  our  definition  of  the  ABLA/ALSI   h.t. 
Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  mentioned  finding  a  similar  ABLA/ALSI   habitat  type  in  east-central  Idaho. 

Abies  lasiooarpa/Calamagrostis  rubescens   h.t. 
(ABLA/CARU;    subalpine  fir/pinegrass) 

Distribution. — ABLA/CARU   was  found  only  east  of  the  Continental  Divide  in  Montana, 
where  it  occurs  on  moderate  slopes  and  all  aspects  near  the  warm,  dry  limits  of  the 
Abies  lasiocarpa   series.   It  is  most  extensive  on  the  Gallatin  National  Forest  and  in 
the  Centennial  Mountains  between  6,500  and  7,700  feet.   It  is  also  common  in  the  Front 
Range  west  of  Great  Falls  on  limestone  substrates  between  5,800  and  6,300  feet. 

Vegetation. — ABLA/CARU   is  apparently  an  extension  of  the  PSME/CARU   h.t.  on  slopes 
moist  and  cool  enough  for  Abies  lasiocarpa.      Pseudotsuga   and  Pinus  contorta   dominate 
most  stands,  with  Abies   and  Picea   being  minor  stand  components.   Wildfire  evidently 
sweeps  through  most  stands  often  enough  to  set  back  invasion  of  Abies   and  Picea   without 
destroying  large  Pseudotsugas,    which  may  attain  diameters  of  3  feet  and  heights  of  90 
feet. 

Undergrowth  is  dominated  by  Calamagrostis  rubescens   and  resembles  that  of  the 
PSME/CARU   h.t,  except  in  having  greater  coverages  of  forbs  like  Thalictrum  occidentale, 
Osmorhiza  chilensis,    and  Pyrola  secunda.      The  mat  of  Calamagrostis  rubescens 
and  Carex  geyeri   is  especially  luxuriant  in  young  or  open  stands.   However,  near  the 
upper  limits  of  the  ABLA/CARU   h.t.  these  rhizomatous  graminoids  have  less  vigor  and  give 
way  to  undergrowth  dominated  by  forbs  of  the  ABLA/ARCO   h.t.  or  to  Vaccinium  scoparium 
or  V.   globulare.      In  some  areas  (e.g.,  the  Centennial  Mountains)  there  seems  to  be  a 
broad  transition  between  ABLA/CARU   at  its  upper  limits,  and  ABLA/ARCO. 

Soil. — Our  stands  were  primarily  on  sedimentary  parent  materials  (appendix  D-l). 
Surface  soils  were  acidic  sandy  loams  to  silts  with  average  gravel  content  of  21  per- 
cent.  Ground  surfaces  had  little  or  no  bare  soil  or  rock  exposed.   Duff  averaged 
4.3  cm  deep. 

Productivity /Management. — Timber  productivity  ranges  from  low  to  high  (appendix 
E-4) .  Pseudotsuga   and  Pinus  contorta   are  major  components  of  serai  stands.   Some  mech- 
anical scarification  may  be  necessary  to  obtain  conifer  regeneration  following  harvest 
cuttings.   However,  many  stands  have  advance  regeneration  of  Picea,   Abies,    and  even 
Pseudotsuga   that  could  be  managed  following  careful  removal  of  the  overstory.   Light 
to  moderate  deer  and  elk  use  is  evident  in  most  stands.   Cattle  also  make  light  use  of 
stands  on  gentle  topography.   The  potential  for  domestic  forage  production  may  be  fairly 
good  in  early  successional  stages  of  this  type — better  than  in  other  habitat  types  in 
the  Abies  lasiocarpa   series.   However,  we  do  not  know  of  any  studies  on  forage  production 
or  grazing  potential  in  this  habitat  type. 

Other  studies. — A  similar  ABLA/CARU   h.t.  has  been  described  by  Robert  Steele  and 
others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station)  as  being 
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abundant  in  central  Idaho.   However,  in  western  Wyoming,  Cooper  (1975)  sampled  only  two 
stands  (numbers  227  and  229)  that  seem  comparable  to  this  habitat  type.   Ogilvie  (1962) 
described  a  Picea-Abies/Calamagrostis   h.t.  in  Alberta,  but  the  limited  stand  data  show 
it  to  be  comparable  to  our  ABLA/VACA   h.t. 

Abies  lasiocarpa/ Clematis  pseudoalpina   h.t. 
(ABLA/CLPS;    subalpine  fir/virgin's  bower) 

Distribution. — ABLA/CLPS   represents  the  lower  (warm,  dry)  limits  of  the  Abies 
lasiocarpa   series  on  calcareous  substrates  east  of  the  Continental  Divide  in  Montana 
(fig  38).   It  is  an  edaphically  controlled  forest  environment  in  that  all  15  sample 
stands  (and  all  other  stands  observed)  were  on  limestone  or  on  other  substrates  con- 
taining layers  of  lime-rich  material.   The  type  is  locally  abundant  in  many  of  the  high 
mountains  east  of  the  Divide  where  lime-rich  rocks  are  prevalent  (e.g.,  Little  Belt 
Mountains  at  7,000  to  7,500  feet,  Big  Snowies  at  6,000  to  6,800  feet,  and  Pryor  Mount- 
ains near  8,000  feet).   It  was  found  on  all  exposures,  but  was  most  common  on  steep 
south-  or  west-facing  slopes. 

Adjacent  cooler  or  more  moist  sites  on  calcareous  substrates  often  support  the 
ABLA/AHCO   h.t.;  warmer  sites  often  support  habitat  types  in  the  Pseudotsuga   or  Pinus 
flexilis   series, or  grassland.   On  adjacent  sites  having  noncalcareous  rock  substrates, 
the  habitat  type  is  likely  to  be  ABLA/VASC,   ABLA/VAGL,    or  ABLA/CARU,    with  serai  stands 
dominated  by  Pinus  contorta. 


Figure  38.— Abies  lasiocarpa/Clematis  pseudoalpina  h.t.    on  a  gentle  south-facing  slope 
(7,500  feet  elev.)  on  limestone  substrate  near  Red  Lodge  in  south-central  Montana. 
Serai   Pseudotsuga  and   Pinus  flexilis  dominate  the  overstory  while   Abies  lasiocarpa 
and   Picea  are  dominant  in  the  regeneration  layer.      Arnica  cordifolia  and   Clematis 
pseudoalpina  are  the  dominant  undergrowth  species  in  view  here. 
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Vegetation. — Although  Abies  lasiooavpa   is  present  at  more  than  10  trees  per  acre, 
and  for  purposes  of  this  classification  is  the  "indicated  climax,"  it  often  is  not  a 
vigorous  competitor,  probably  because  of  droughty  site  conditions.  Montana  limestones 
often  weather  into  soils  that  are  excessively  well  drained  or  otherwise  make  water  less 
available  to  conifers  than  substrates  derived  from  noncalcareous  rocks.   An  example  of 
this  is  Herbert  Holdorf's  (soil  scientist,  Lewis  and  Clark  National  Forest,  Great  Falls, 
Montana)  observation  that  Pinus  oontovta   occupies  certain  limestone  formations  in  the 
Little  Belts  only  where  average  annual  precipitation  is  at  least  30  inches.   By  contrast 
Pinus  oontovta   grows  in  the  same  area  on  acidic  rock  substrates  (granite,  quartzite, 
etc.)  where  annual  precipitation  averages  as  little  as  16  inches. 

Stands  are  usually  dominated  by  Pseudotsuga   and  often  by  apparently  drought- 
resistant  Pioea  engelmannii   X  glauoa   hybrids.  Pinus  oontovta   occurs  sporadically  and 
then  only  as  a  minor  stand  component.  Pinus  flexilis   is  a  rather  long-lived  serai 
member  of  most  ABLA/CLPS   stands;  it  is  diagnostic,  since  it  is  seldom  found  in  other 
Abies   lasiocavpa   h.t.s.   Sometimes  Pinus  albioaulis   is  also  present,  but  it  is  common  in 
much  of  the  Abies  lasiooavpa   series  (appendix  B) .   (Differentiation  of  Pinus  flexilis 
and  P.    albioaulis   is  discussed  under  Taxonomic  Considerations  in  the  Introduction. 

Clematis  pseudoalpina   and  C.    tenuiloba    (which  intergrade)  are  usually  present  and 
are  apparently  confined  to  calcareous  substrates.   Like  Pinus  flexilis,    they  reach 
their  upper  elevational  limits  barely  within  the  Abies  lasiooavpa   series,  and  are 
associated  with  the  Pseudotsuga   series  below.  Spivaea  betulifolia,   Junipevus  oommunis 
and  Bevbevis  vepens   are  the  only  frequently  found  shrubs.  Avnica  oovdifolia   and  Galium 
boveale   were  present  in  all  sample  stands,  and  were  accompanied  by  such  dry-site  forbs 
as  Astev   oonspiouus,    Astvagalus  misev,    Fvagavia  vivginiana,   Fvaseva  speoiosa, 
Valeviana  dioioa,    and  Zigadenus  elegans. 

Soil .--All  of  our  stands  in  the  ABLA/CLPS   h.t.  were  on  calcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  silts  to  silty  clay  loams,  ranging  from  slightly 
acidic  to  slightly  basic.  Gravel  content  was  variable.   Ground  surfaces  had  little 
exposed  rock  or  bare  soil;  duff  depth  averaged  4.2  cm. 

Pvoduotivity /Management. — Forage  values  for  both  big  game  and  domestic  livestock 
appear  to  be  low,  although  stands  are  often  used  as  bedding  areas  by  deer  and  elk. 
Domestic  stock  also  bed  and  graze  in  this  habitat  type  occasionally. 

Timber  productivity  is  low  (appendix  E-4) .   Site  indexes  for  all  species  and 
maximum  stand  heights  are  consistently  low  (appendix  E-l  and  E-2)  .   The  steep,  exposed 
slopes  with  shallow,  fine-textured  soils  warrant  special  precautions  to  prevent  erosion. 

Othev  studies. --This  habitat  type  has  not  been  described  elsewhere. 

Abies  lasiooavpa/ 'Avnica  oovdifolia   h.t. 
{ABLA/ARCO;    subalpine  fir/heart  leaf  arnica) 

Distvibution. — ABLA/ARCO   is  a  relatively  cool,  moist  habitat  type  found  in  semi- 
arid  mountains  east  of  the  Continental  Divide,  often  on  limestone  substrates  (Fig.  39). 
It  is  associated  with  benchlike  uplands  and  north-facing  slopes,  and  is  found  exten- 
sively in  the  southern  portion  of  the  Beaverhead  National  Forest  (at  7,600  to  8,400 
feet)  as  well  as  in  the  Little  Belt  Mountains  (at  6,900  to  7,600  feet),  where  it  is 
usually  on  limestone.  ABLA/ARCO   is  seldom  found  elsewhere. 

Warmer  sites  often  support  ABLA/CARU,   ABLA/CLPS   (on  limestone),  or  Festuoa 
idahoensis -dominated  mountain  parks.   When  this  type  occurs  on  limestone,  the  adjacent, 
topographically  similar  but  noncalcareous  sites  usually  support  the  ABLA/VASC   h.t. 
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Figure  39. — Abies  lasiocarpa/Arnica  cordifolia  h.t.    on  a  gentle  north-facing  slope 
(73650  feet  elev. )   in  the  Centennial  Mountains  of  southwestern  Montana.      Pseudo- 
tsuga,  Pinus  contorta,  and   Picea  dominate  the  over  story  of  this  150-  to  200-year- 
old  stand;   regeneration  is  mostly   Abies  lasiocarpa.   Arnica,  Thalictrum,  and 
shrubby  skirts  of  Abies  lasiocarpa  form  the  undergrowth. 

Vegetation. — Although  Abies   lasiocarpa   is  the  apparent  climax  dominant,  all  but 
the  oldest  stands  are  dominated  by  Pseudotsuga   or  Pinus  contorta.      Pinus  contorta   is 
scarce  in  this  habitat  type  in  the  Little  Belts,  where  the  stands  are  mostly  on  lime- 
stone.  Conversely,  Picea   is  a  prominent  serai  component  of  most  stands  on  limestone, 
but  is  less  common  elsewhere. 

The  forest  canopy  is  dense  and  undergrowth  is  correspondingly  rather  sparse,  con- 
sisting mostly  of  Arnica  cordifolia,    Thalictrum    occidentale,    Osmorhiza  chilensis, 
Pyrola  secunda,    and  small  amounts  of  several  other  forb  species.   Vaccinium  scoparium 
and  V.   globulare   do  poorly  on  calcareous  substrates  such  as  those  characterizing  the 
ABLA/ARCO   h.t.  in  the  Little  Belts;  but  this  does  not  explain  their  absence  in  the 
ABLA/ARCO   h.t.  in  the  Beaverhead  National  Forest  on  noncalcareous  parent  materials. 

Soil. --Soils  in  the  ABLA/ARCO   h.t.  were  derived  from  a  broad  variety  of  parent 
materials  (appendix  D-l) .   Surface  soils  were  acidic,  mostly  nongravelly  loams  to  silty 
clay  loams.   Ground  surfaces  had  little  bare  soil  and  rock  exposed;  duff 
depth  averaged  3.9  cm. 


Productivity /Management. — Timber  productivity  is  moderate  (appendix  E-4).   Old- 
growth  individuals  of  Pseudotsuga   may  attain  maximum  diameters  of  3  feet  and  heights 
of  90  to  95  feet.   Sod-forming  grasses  are  usually  scarce  and  tree  regeneration  after 
logging  is  not  retarded  by  a  flush  of  undergrowth  vegetation  in  most  cases.   Watershed 
values  are  relatively  high.   Forest  stands  received  light  use  by  deer,  elk,  and  cattle, 
but  forage  production  for  big  game  and  domestic  livestock  is  very  low. 
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Other  studies. — ABLA/ARCO   h.t.  has  also  been  described  by  Hoffman  and  Alexander 
(1976)  in  Wyoming  and  by  Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  in  east-central  Idaho.   Several  stands  apparently 
similar  to  this  habitat  type  were  sampled  by  Cooper  (1975)  in  northwestern  Wyoming  (in 
his  Abies   lasiocarpa/ Thaliotrum   h.t.,  Arnica  oordifolia   phase). 

Abies  lasiocarpa /Carex  geyeri   h.t. 
{ABLA/CAGE;    subalpine  fir/elk  sedge) 

Distribution. — ABLA/CAGE   is  a  minor  habitat  type  in  Montana  that  encompasses  some 
of  the  driest  sites  in  the  Abies  lasiocarpa   series.   It  is  apparently  transitional  to 
PSME/CAGE   on  still  drier  sites  and  to  ABLA/CARU   on  slightly  more  moist  sites.   Sample 
stands  were  on  southerly  aspects  between  6,600  and  7,700  feet  elevation  in  the  Gallatin 
National  Forest  (fig.  40)  and  from  6,700  to  7,100  feet  in  the  Little  Belt  and  Big  Belt 
Mountains  of  central  Montana. 

Vegetation. — Abies  lasiocarpa   is  the  indicated  climax.  Pseudotsuga   is  the  major, 
persistent  serai  dominant  in  the  PSME   phase,  while  Pinus  oontorta   is  usually  the  domi- 
nant serai  tree  in  the  CAGE   phase.  Picea   is  absent  or  at  most  widely  scattered 
throughout  the  habitat  type. 

Undergrowth  is  dominated  by  Carex  geyeri;   Calamagrostis  rubescens   is  poorly  re- 
presented.  Other  characteristics  of  the  undergrowth  vary  by  phase  of  the  habitat  type. 


Figure  40. — Abies  lasiocarpa/Carex  geyeri  h.t.      (Tseudotsuga  -phase)  on  a  moderate  north- 
eastern exposure    (7,250  feet  elev.)   south  of  Big  Timber  in  south-central  Montana. 
Pseudotsuga  dominates  the  over  story,   but   Abies  lasiocarpa  makes  up  most  of  the 
regeneration.   Carex  geyeri  and  Thalictrum  dominate  the  luxuriant  undergrowth. 
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Carex  geyeri    (CAGE)   phase. --This  phase  represents  the  coldest  conditions  within  the 
habitat  type.   Only  three  stands  were  sampled,  two  of  them  occupying  limestone  sub- 
strates atop  broad  ridges  near  7,000  feet  in  the  Castle  and  Little  Belt  Mountains.   The 
other  stand  was  found  at  8,500  feet  on  noncalcareous  rock  in  the  Madison  Range.  Abies 
lasiocarpa   and  Pinus  contorta   were  the  only  major  tree  components.   Undergrowth  was  an 
almost  pure  Carex  geyeri   with  low  coverages  of  scattered  forbs.  ABLA/VASC   was  found  on 
adjacent,  more  moist  sites,  and  the  PSME   phase  or  the  ABLA/CARU   h.t.  on  warmer  (lower- 
elevation)  slopes. 

Pseudotsuga  menziesii    (PSME)   phase. --This  is  the  warmer  (lower  elevation)  phase 
of  the  type  and  it  appears  to  be  more  common  than  the  CAGE   phase.   It  is  transitional 
to  the  ABLA/CARU   h.t.  on  more  moist  sites.   Stands  are  dominated  by  Pseudotsuga   as  in 
ABLA/CARU   but  Pinus  contorta   and  Picea   are  largely  absent,  reflecting  the  drier  condi- 
tions. As  in  ABLA/CARU ,    the  undergrowth  is  rich  in  forbs  such  as  Thaliatrum  occidentale, 
Osmorhiza  chilensis,   Smilacina  racemosa,    and  Arnica  oordifolia   or  A.    lati folia;   however, 
Calamagrostis  rubescens   is  poorly  represented. 

Soil. — Our  stands  were  on  a  variety  of  parent  materials  (appendix  D-l).   Surface 
soils  were  primarily  nongravelly  loams  to  silts  with  reactions  ranging  from  very  acidic 
to  slightly  basic  (on  limestone).   Ground  surfaces  had  little  rock  or  bare  soil  exposed; 
duff  depth  averaged  greater  than  5  cm. 

Productivity /Management. — Timber  productivity  is  low  to  moderate  (appendix  E-4). 
Choice  of  species  is  limited  and  varies  by  phase  (appendix  B) ;  regeneration  may  be 
difficult  to  obtain  because  of  the  cold,  dry  conditions  and  perhaps  the  competition  from 
Carex  geyeri  and  associated  species.  Moderate  summer  use  by  deer  and  elk  was  evident 
in  sample  stands.  Cattle  use  appeared  to  be  limited  to  bedding  in  stands  adjacent  to 
meadows.  Maintaining  vegetative  cover  to  prevent  erosion  may  be  especially  important 
on  these  sites. 

Other  studies. — It  appears  that  four  of  Cooper's  (1975)  stands  in  his  Abies 
lasiocarpa/Thalictrum   h.t.,  Thaliatrum   phase  (from  northwestern  Wyoming)  are  comparable 
to  our  PSME   phase.   Some  of  Robert  Steele  and  others  (1975  preliminary  draft,  USDA 
Forest  Service,  Intermountain  Station)  ABLA/CAGE   h.t.  stands  (from  central  Idaho)  are 
also  similar  to  this  phase.   Robert  Steele  and  others  (1975)  have  described  a  ABLA/CAGE 
h.t.,  CAGE   phase  similar  to  ours  in  central  Idaho.   Also,  our  CAGE   phase  is  similar  in 
most  respects  to  Cooper's  (1975)  ABLA/CAGE   in  the  northwestern  Wyoming  vicinity. 
Wirsing  (1973)  also  described  Abies  lasiocarpa/ Carex  geyeri     h.t.  in  southern  Wyoming. 

UPPER  SUBALPINE  HABITAT  TYPES 

Abies  lasiocarpa/Ribes  montigenum   h.t. 
(ABLA/RIMO;    subalpine  fir/mountain  gooseberry) 

Distribution. — ABLA/RIMO   is  a  minor  habitat  type  found  in  upper  subalpine  areas 
near  the  southern  boundary  of  Montana.   The  six  stands  sampled  were  found  at  8,300 
to  8,500  feet  in  the  Pryor  Mountains,  at  8,300  to  9,000  feet  in  the  Centennial 
Mountains,  and  at  8,900  feet  in  the  southern  Gravelly  Range.   All  stands  were  on 
plateau-like  sites  or  cool  exposures  above  the  limits  of  Pseudotsuga   and  apparently 
unfavorable  for  Pinus  contorta    (which  was  absent). 

Vegetation.  —  Stands  in  the  Pryor  Mountains  are  jointly  dominated  by  Abies 
lasiocarpa   and  apparent  Picea  engelmannii   X  glauca   hybrids.  ABLA/RIMO   groves  alternate 
with  Festuca.  idahoensis   grasslands  which  occupy  more  exposed  sites  where  less  snow 
accumulates.   Stands  in  the  Centennial  and  Gravelly  Ranges  were  dominated  by  Abtes   and 
Pinus  albicaulis,    with  lesser  amounts  of  Picea  engelmannii.      They  were  bordered  by  the 
ABLA/ARCO   h.t.  at  lower  elevations  and  by  Festuca  idahoensis-dominated   grasslands  on 
drier  exposures.  Undergrowth  was  sparse  in  all  stands,  consisting  of  small,  scat- 
tered clumps  of  Ribes  montigenum  and  a  few  forbs  such  as  Arnica   spp. 
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Soil. — Soils  were  derived  from  a  variety  of  parent  materials  (appendix  D-l). 
Surface  soils  were  very  acidic  nongravelly  silts.   Ground  surfaces  had  little  rock  or 
bare  soil  exposed,  and  had  deep  duff  (average  7.5  cm). 

Productivity /Management. — Timber  productivity  is  apparently  low,  based  on  limited 
data  (appendix  E-4) .  Forage  production  is  very  low,  but  deer,  elk,  and  domestic  live- 
stock evidently  use  sites  adjacent  to  mountain  parks  for  resting  and  bedding. 

Other  studies. — Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  described  this  habitat  type  in  central  and  southern 
Idaho,  where  it  is  dominated  by  Pinus  albicaulis    and  Abies   lasiocarpa.      Pfister  (1972a) 
described  a  similar  habitat  type  in  Utah  beyond  the  range  limits  of  Pinus  albicaulis 
that  is  dominated  by  Picea  engelmannii   and  Abies   lasiocarpa. 

Abies  lasiocarpa-Pinus  albicaulis /Vaccinium  scoparium   h.t. 
{ABLA-PIAL/VASC;    subalpine  fir-whitebark  pine/grouse  whortleberry) 

Distribution. — This  very  extensive  habitat  type  constitutes  most  of  the  highest 
elevation  forest  belt  in  Montana  east  of  the  Continental  Divide  in  all  but  the  driest 
mountain  ranges.   It  can  generally  be  considered  to  be  the  east-side  replacement  for 
the  ABLA/LUHI   h.t.   It  is  found  on  all  exposures  at  elevations  ranging  from  about 
7,200  to  8,100  feet  in  central  Montana,  8,000  to  8,800  feet  in  southwestern  Montana, 
and  8,100  to  9,000  feet  in  south-central  Montana  (fig.  41). 


Figure  41. — Abies  lasiocarpa-Pinus  albicaulis/Vaccinium  scoparium  h.t.    on  a  northeast 
exposure    (8,400  feet  elev. )  near  Red  Lodge  in  south-central  Montana.      Pinus 
albicaulis  (up  to  500  years  of  age)  and   Picea  engelmannii  dominate  the  overstory. 
Abies  lasiocarpa  regeneration  is  extensive,   but  this  species  does  not  grow  as  tall 
as   Pinus  or   Picea.  Undergrowth  is  almost  entirely   Vaccinium  scoparium. 
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ABLA-PIAL/VASC   is  usually  bordered  below  by  ABLA/VASC  y    but  sometimes  by  ABLA/XETE 
or  ABLA/VAGL.      Drier  sites  may  support  subalpine  grasslands  or  the  PIAL   h.t.s. 
Wetter  sites  support  meadows  or  the  ABLA/CACA   h.t.   It  is  bounded  above  by  the  PIAL- 
ABLA   h.t.s. 

Vegetation. — Abies  lasioearpa   is  the  indicated  climax  dominant,  but  stands  are  also 
characterized  by  Pinus  albioaulis,    which  is  a  long-lived,  serai  dominant  approaching  a 
"persistent"  status  on  disturbed  dry  sites.  Picea  engelmannii   is  often  a  dominant, 
long-lived  member  of  stands  on  moist  sites.  Pinus  contorta   is  a  major  serai  species 
at  lower  elevations. 

Undergrowth  in  most  stands  is  dominated  by  Vaccinium  scoparium,    although  on  drier 
sites  or  limestone  substrates  it  sometimes  gives  way  to  Carex  geyeri.      Xerophyllum 
is  often  a  codominant  in  moist  stands  near  the  Continental  Divide.   In  some  areas 
Eieracium  gracile   is  largely  restricted  to  this  and  higher  habitat  types.   In  such 
areas  it  may  be  useful  as  an  indicator  plant,  but  it  does  extend  to  somewhat  lower 
elevations  as  an  invader  on  roadsides,  skid  trails,  etc.  Arnica   latifolia   is  the  only 
other  relatively  consistent  component  of  the  undergrowth.  Phyllodoce   and  Ledum   often 
occur  on  moist  sites.   Like  other  upper  subalpine  types,  ABLA-PIAL/VASC   is  characterized 
by  a  scarcity  of  the  species  that  are  so  widely  distributed  in  the  forests  below--e.g., 
Spiraea  betulifolia,   Arctostaphylos  uoa-ursi,    Calamagrostis  rubescens,    Berberis  repens, 
and  Pseudotsuga  menziesii. 

Soil/Climate. — Soils  in  the  ABLA-PIAL/VASC   h.t.  were  derived  from  a  wide  variety 
of  parent  materials  (appendix  D-l).   Surface  soils  were  mainly  gravelly  loams  to  silts 
with  acidic  to  very  acidic  reactions.   Ground  surfaces  had  moderate  amounts  of  bare 
soil  and  rock  exposed;  duff  depths  averaged  4.4  cm. 

This  habitat  type  has  a  climate  similar  to  that  of  ABLA/LUEI,    except  it  is  some- 
what drier.  Mean  annual  precipitation  ranges  from  25  to  about  45  inches. 

Productivity /Management. — Timber  productivity  is  low  (appendix  E) .   Regenerating 
drier  sites  and  those  at  higher  elevations  within  the  type  will  probably  be  difficult. 
Succession  on  disturbed  sites  will  be  slow  and  vegetation  will  be  dominated  by  the 
same  species  found  in  old-growth  stands.  Managers  should  recognize  the  relatively  high 
water  yields  and  the  importance  of  minimizing  site  disturbance  because  of  slow  vegeta- 
tional  recovery. 

This  type  and  adjacent  meadows  provide  much  of  the  summer  range  for  elk,  moose, 
mule  deer,  grizzly  bears,  and  black  bears  in  central  and  southern  Montana. 

Other  studies. — Cooper  (1975)  described  similar  stands  in  his  ABLA/VASC   h.t.,  Pinus 
albioaulis   phase.   Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  also  had  some  similar  stands  in  the  upper  part  of  their  ABLA/VASC 
h.t.  in  central  Idaho. 

Abies  lasioearpa /Luzula  hitchcockii   h.t. 
{ABLA/LUEI;    subalpine  fir/wood-rush) 

Distribution. — ABLA/LUEI   is  the  major  upper  subalpine  forest  habitat  type  from  the 
Continental  Divide  westward  in  Montana.   It  forms  a  zone  extending  over  about  700  feet 
in  elevation  between  the  ABLA/XETE   or  ABLA/MEFE   h.t.s  below,  and  the  PIAL-ABLA   or  LALY- 
ABLA   h.t.s  above  (table  6). 

At  its  eastern  limits,  ABLA/LUEI   covers  high-elevation  terrain  contiguous  w:th 
the  Continental  Divide  from  Glacier  National  Park  south  to  Lewis  and  Clark  Pass 
(northeast  of  Lincoln);  it  continues  southward  in  the  Flint  Creek  and  Anaconda-Pintlar 
Ranges  and  in  the  Beaverhead  Range  almost  to  Lemhi  Pass,  west  of  Dillon.   Farther  east 
its  counterpart  ABLA-PIAL/VASC   occupies  a  similar  elevational  zone,  sometimes  occurring 
adjacent  to  ABLA/LUEI  on  dry  sites  in  west-central  Montana. 
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Table  6. --Distribution  of  ABLA/LUHI  h.t.    and   TSME/LUHI  h.t.    sample  stands  by  phase 


Geographic  vicinity 


VASC  phase 


Elevation 
range 


Exposure 


MEFE 

phase 

Elevation 

range 

:   Exposure 

Feet 

5,750-6,500 

W,  N,  E 

6,000-6,800 

N-E 

6,800-7,600 

N-E 

None 

None 

Northern  Idaho1 
Northwestern  Montana 
West-central  Montana 

(and  Sun  River  drainage) 
Southwestern  Montana 


Feet 

6,000-6,500 
6,000-7,000 

7,100-8,400 
8,000-8,900 


SE 

W 


All 
All 


1   From  data  in  R.  and  J.  Daubenmire  (1968);  ABLA/  or  TSME/LUHI  h.t.,  VASC 
phase  stands--57  (Alberta),  127,  97,  128,  and  61.   ABLA/  or  TSME/LUHI  h.t.,  MEFE 
phase  stands--58  (Alberta),  131 ,  135,  133,  46,  99,  and  158. 

Vegetation. — Abies  lasiocarpa   is  the  indicated  climax.  Pinus  albioaulis,    Pioea 
engelmannii,    and  Pinus  contorta   are  the  principal  serai  species,  although  their  rela- 
tive importance  varies  by  phase.   Sites  are  above  the  limits  of  Pseudotsuga,    Larix 
occidentalis,    and  Pinus  monticola. 

Luzula  hitchcockii   is  present  and  usually  well  distributed  throughout  the  stand; 
it  is  not  confined  to  unusual  microsites  or  disturbed  areas.   Some  stands  particularly 
near  the  eastern  limits  of  the  habitat  type,  have  no  Luzula.      Nevertheless,  they  are 
assigned  to  the  MEFE   phase  of  this  habitat  type  through  use  of  the  key  (fig.  7)  because 
Pinus  albiaaulis   is  well  represented.   Other  major  undergrowth  species  are  Vaooinium 
sooparium,   Xerophyllum,    and  Arnica  lati folia. 

Vaooinium  sooparium   (VASC)   phase. --This  phase  is  largely  restricted  to  dry  expo- 
sures (table  6)  in  northwestern  Montana  and  northern  Idaho.   In  west-central  Montana 
and  central  Idaho  (Robert  Steele  and  others,  1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station),  however,  it  becomes  more  common,  often  occupying  moist  exposures. 

Pinus  albioaulis,   a  long-lived  serai  species,  was  present  in  all  sample  stands. 
Picea  engelmannii   is  normally  present,  but  is  abundant  only  on  especially  moist  sites. 
In  west-central  Montana  Pinus  contorta   is  a  major  component  of  serai  stands  near  the 
lower  limits  of  the  phase. 

Undergrowth  is  dominated  by  Vaooinium  sooparium,    Xerophyllum  tenax,    and  Arnica 
latifolia,    sometimes  along  with  Vaooinium  globulare   or  Carex  geyeri   on  warm  exposures. 
Phyllodooe  empetriformis   is  often  well  represented  on  moist  sites,  and  occasionally  it 
forms  the  dominant  undergrowth  over  broad  areas  on  northerly  exposures. 

Menziesia  ferruginea   (MEFE)   phase. --This  phase  is  generally  restricted  to  northerly 
exposures,  and  is  most  abundant  in  northwestern  Montana  (table  6).  Abies  lasiocarpa   is 
a  major  component  of  most  stands.  Picea  engelmannii   is  a  long-lived,  serai  component 
in  most  stands,  but  is  a  major  component  only  on  the  more  moist  sites--those  having 
small  coverages  of  species  typically  associated  with  the  ABLA/CACA   h.t.,  such  as  Calama- 
grostis  canadensis ,   Ledum  glandulosum,   Senecio  triangularis ,   Dodecatheon  jeffreyi, 
Veratrum  viride,   or  Ligusticum  canbyi.    Generally  Pinus  albioaulis   is  a  minor  stand 
component,  while  Pinus  contorta   is  scarce.   On  sites  having  some  soil  development,  Larix 
lyallii   occasionally  extends  downward  as  a  minor  serai  species;  however,  on  sites 
consisting  of  coarse  talus  surrounded  by  this  phase,  Larix  lyallii   often  forms  pure 
groves,  representing  an  edaphic  climax.  This  situation  has  not  been  recognized  as  a 
separate  habitat  type  because  of  the  limited  area  involved. 
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Menziesia  ferruginea,    and  occasionally  Rhododendron  albiflorum ,   dominate  an  under- 
growth similar  in  other  respects  to  that  of  the  VASC   phase. 

Soil/Climate. — Soils  in  the  ABLA/LUHI   h.t.  were  derived  from  a  variety  of  noncal- 
careous  parent  materials  (appendix  D-l).   Surface  soils  were  very  acidic,  gravelly 
loams  to  silts.   Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depths 
averaged  about  4.5  cm. 

The  climate  is  characterized  by  short,  cool  summers  (mean  July  temperatures  55°  to 
59°  F)  with  only  a  2-  to  3-month  growing  season.   Snowfall  and  snow  accumulations  sur- 
pass those  of  most  other  habitat  types  in  the  northern  Rockies.   Snow  covers  the  ground 
continuously  from  November  1  through  June  15  in  most  years.   Mean  annual  precipitation 
is  35  to  60  inches  in  Montana  stands.   Summer  drought  is  less  common  here  than  in  many 
other  habitat  types,  but  severe  windstorms  and  blizzards  limit  height  growth  and  damage 
trees  on  all  but  the  most  sheltered  sites. 

Productivity /Management. — Timber  productivity  is  generally  low,  although  a  few 
moist  sites  in  the  MEFE  phase  show  moderate  productivity  (appendix  E-3).   Stands  of 
large  Pioea   sometimes  develop  in  basins  and  on  sheltered  slopes.   Because  the  more  pro- 
ductive sites  are  often  associated  with  wet  soils,  logging  road  construction  may  present 
problems.  Clearcutting  may  make  regeneration  of  Pioea   difficult  in  these  severe  envi- 
ronments (Pfister  1972b),  and  create  excessive  ground  water.   Partial  cuttings  are 
likely  to  incur  heavy  blowdown  losses,  as  in  high-elevation  Pioea   stands  in  Colorado 
(Alexander  1973).   The  generally  low  productivity  and  problems  associated  with  manage- 
ment for  timber  production  suggest  minimal  development  on  these  sites,  at  least  until 
successful  methods  are  developed  and  proven. 

Light  summer  use  by  mule  deer,  elk,  and  bear  was  observed.   Domestic  stock  use  and 
potential  use  is  very  low.  This  habitat  type  is  a  major  source  for  summer  streamflow 
in  much  of  western  Montana.   Watershed  protection  and  enhancement,  as  well  as  maintenanc 
of  esthetic  values  for  "high-county"  recreational  pursuits  are  of  primary  management 
importance. 

Other  studies. — Although  R.  and  J.  Daubenmire  (1968)  did  not  recognize  this  habitat 
type,  their  data  indicate  that  12  of  their  highest 'elevation  ABLA/XETE   and  ABLA/MEFE 
stands  would  fit  in  ABLA/LUHI   or  TSME/LUHI   h.t.s  (table  6).   These  data  and  other  ob- 
servations suggest  that  ABLA/LUHI   is  probably  well  developed  in  parts  of  northern  Idaho. 
Also,  it  has  been  described  in  central  Idaho  and  in  the  Nezperce  National  Forest  by  Robe 
Steele  and  others  (1975  and  1976  preliminary  drafts,  USDA  Forest  Service,  Intermountain 
Station).   In  south-central  British  Columbia,  McLean  (1970)  described  an  Abies   lasio- 
oarpa/Vaccinium  scoparivm   h.t.,  Phyllodoee  empetriformis   phase  that  contains  Luzula 
and  is  apparently  similar  to  our  ABLA/LUHI   h.t.,  VASC   phase. 

Tsuga  mertensiana/Luzula  hitchcookii   h.t. 
(TSME/LUHI;   mountain  hemlock/ wood-rush) 

Distribution. — This  habitat  type  is  found  along  and  adjacent  to  the  Montana- Idaho 
Divide  from  Lolo  Pass  to  the  Cabinet  Gorge  between  about  6,000  and  6,500  feet  in  eleva- 
tion. Although  it  covers  only  a  small  area  in  Montana,  it  is  evidently  much  more 
extensive  immediately  to  the  west  in  northern  Idaho.  More  than  half  of  R.  and  J. 
Daubenmire' s  stands  that  have  Luzula   spp.  (apparently  Luzula  hitchoockii)   have  Tsuga 
mertensiana   as  a  climax  dominant;  thus,  these  stands  are  comparable  to  our  TSME/LUHI 
h.t. 

Vegetation. --This  habitat  type  has  vegetation  similar  to  the  ABLA/LUHI   h.t.  except 
for  the  addition  of  Tsuga  mertensiana   as  a  major  climax  component.  Tsuga   is  apparently 
the  sole  climax  dominant  in  some  stands,  but  forms  a  coclimax  with  Abies  lasiocarpa 
in  others.  Most  of  R.  and  J.  Daubenmire' s  apparent  TSME/LUHI   sample  stands  had  only 
minor  amounts  of  tree  species  other  than  Tsuga   and  Abies. 
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Vaccinium  scoparium    (VASC)   phase. — This  phase  is  associated  with  exposed  ridgetops 
and  southerly  exposures.  Undergrowth  is  dominated  by  Xerophyttum  tenax   and  Vaooinium 
scoparium.      It  is  generally  comparable  to  the  ABLA/LUEI   h.t.,  VASC   phase  (table  6). 

Menziesia  ferruginea    (MEFE)   phase. --This  phase  is  associated  with  sheltered  slopes 
and  cool  aspects.   It  is  generally  comparable  to  the  ABLA/LUEI   h.t.,  MEFE   phase 
(table  6). 

Soil/Climate. -Soils   appear  similar  to  those  described  for  the  ABLA/LUEI  h.t. 
(appendix  D-l)  . 

The  type  occupies  the  most  maritime  of  the  high  subalpine  environments  in  the 
Northern  Rockies.  Annual  precipitation,  snowfall,  and  cloudiness  tend  to  be  greater 
than  in  the  ABLA/LUEI   h.t. 

Productivity /Management. — This  is  similar  to  the  ABLA/LUEI   h.t.,  based  on  limited 
data. 

Other  studies. --TSME/LUEI   h.t.  has  not  been  described  in  other  studies.   Comparable 
stands  from  northern  Idaho  were  classified  under  the  TSME/XETE   and  TSME/MEFE   h.t.s  by 
R.  and  J.  Daubenmire  (1968). 

TIMBERLINE  HABITAT  TYPES 

A  general  discussion  of  characteristics  and  management  implications  common  to  all 
of  the  timberline  habitat  types  is  presented  on  pages  79-81. 

Pinus  albioaulis-Abies  tasiocarpa   h.t.s 
[PIAL-ABLA;    whitebark  pine-subalpine  fir) 

Distribution. — PIAL-ABLA   h.t.s.  include  most  timberline  sites  in  Montana  and  the 
Northern  Rockies.   Our  PIAL-ABLA   h.t.s.  category  and  the  other  timberline  habitat  types 
encompass  more  variation  in  vegetational  composition  and  tree  life-forms  than  the  forest 
habitat  types  found  at  lower  elevations.   However,  there  seems  to  be  little  need  at  this 
time  to  subdivide  the  complex  undergrowth. 

Vegetation. — Pinus  atbicautis,     Abies   tasiocarpa,   and  Picea  engelmannii   occur  in 
varying  amounts.  Abies  tasiocarpa   is  generally  not  vigorous  in  these  types;  it  is  often 
stunted,  wind -deformed,  and  shrublike  (fig.  42).   Saplings  grow  slowly,  and  on  many 
sites  this  species  reproduces  largely  through  layering  of  lower  branches.   The  superior 
hardiness  of  Pinus  atbicautis   and  Picea   allows  them  to  coexist  with  the  more  shade- 
tolerant  Abies   at  timberline.   Often  Abies   is  capable  of  achieving  tree  size  only  in 
the  lee  of  the  protective  canopy  of  a  large  Pinus   or  Picea. 

Undergrowth  is  quite  variable,  but  Vaccinium  scoparium,   Arnica  tatifotia,    and 
Eieracium  gracite   are  present  in  most  stands.  Luzuta  hitchcockii   and  Xerophyttum 
are  also  prevalent  in  stands  west  of  the  Continental  Divide.  Mountain  heath-- 
Phyttodoce  empetriformis,   P.   gtandutiftora,    and  Cassiope  mertensiana — is  common  in 
these  habitat  types  on  moist  sites,  especially  west  of  the  Continental  Divide.   On 
dry  sites,  especially  east  of  the  Continental  Divide,  the  undergrowth  is  often 
dominated  by  Juncus  parryi,   Carex  rossii,   Festuca  idahoensis    (F.    ovina),    or  Arenaria 
congesta. 

Soit. — Soils  in  our  sample  stands  were  derived  primarily  from  sandstone  and 
argillite  parent  materials  (appendix  D-l).   Surface  soils  were  acidic  to  very  acidic, 
gravelly  loams  to  silts.   Ground  surfaces  averaged  13  percent  rock  and  6  percent  bare 
soil  exposed;  duff  depth  averaged  only  2.8  cm. 
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Figure  42. — A   Pinus  albicaulis-Abies  lasiocarpa  h.t.    on  an  east  exposure    (8,000  feet 
elev. )  on  limestone  substrate  west  of  Augusta  in  central  Montana.      Pinus 
albicaulis  and  scattered   Picea  form  the  overstory;    layered  saplings  of  Abies 
lasiocarpa  dominate  the  regeneration  layer,   but  maximum  height  attained  by  this 
species  is  only  20  feet.      Undergrowth  is  primarily   Vaccinium  scoparium. 


Other  studies. — A  Pinus  albicaulis-Abies  lasiocarpa   association  in  eastern 
Washington  and  northern  Idaho  was  described  briefly  by  R.  and  J.  Daubenmire  (1968)  as 
being  confined  to  small  areas  atop  the  highest  ridges  and  peaks,  where  it  forms  a  belt 
of  severely  stunted  "wind  timber."  By  contrast,  the  PIAL-ABLA   h.t.s  are  much  better 
developed  in  Montana,  and  at  least  25  mountain  ranges  support  alpine  tundra  above 
timberline.   Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  have  described  PIAL-ABLA   h.t.s  similar  to  ours  in  central  Idaho, 
except  that  Picea   is  generally  absent. 

Larix  lyallii-Abies  lasiocarpa   h.t.s 
(LALY-ABLA;   alpine  larch-subalpine  fir) 

Distribution. — LALY-ABLA   h.t.s  are  prevalent  on  cool  exposures  in  many  timberline 
areas  west  of  the  Continental  Divide  in  Montana.  (PIAL-ABLA    h.t.s  usually  occupy  the 
adjacent  warmer  exposures.)  LALY-ABLA   h.t.s  are  best  developed  on  granitic  and  quart- 
zite  substrates  where  there  has  been  little  if  any  soil  development;  they  occur  only  on 
limited  areas  of  finer  sedimentary  rock  (i.e.,  argillites  of  the  Belt  Series),  and 
apparently  do  not  occur  on  limestone  (Arno  1970).   They  are  most  extensive  at  the 
highest  elevations  of  the  Bitterroot,  Anaconda-Pintlar ,  and  Cabinet  Ranges,  but  are 
also  found  atop  the  Whitefish,  Swan,  south  Mission,  Sapphire,  and  Flint  Creek  Ranges, 
as  well  as  in  scattered  areas  of  Glacier  National  Park  and  the  headwaters  of  the  Teton 
and  Sun  Rivers  (Arno  and  Habeck  1972). 


112 


Vegetation. — Larix  lyallii   is  a  long-lived  dominant  on  these  sites;  it  is  accom- 
panied by  variable  amounts  of  Pinus  albicaulis,  Abies   lasiocarpa,    and  Picea  engelmannii. 
At  the  highest  elevations  of  the  type,  Larix  lyallii   often  forms  pure  groves  of  erect 
trees  on  sites  that  are  above  the  "tree  limits"  of  the  evergreen  conifers  (fig.  43). 
Undergrowth  is  usually  dominated  by  combinations  of  Phyllodoce   empetriformis ,   Luzula 
hitchcockii,    Vaocinium  scoparium,    and  severely  stunted  or  shrublike  Abies   lasiocarpa 
(Arno  and  Habeck  1972). 

Soil. --Soils  were  derived  primarily  from  granite  and  quartzite  parent  materials, 
but  occasionally  from  noncalcareous  shale  and  argillite  (Arno  1970).   Surface  soils 
were  very  gravelly  loams  usually  ranging  from  3.9  to  5.7  in  pH.   Ground  surfaces  had 
large  amounts  of  rock  but  relatively  little  mineral  soil  exposed. 

Other  studies. --According  to  Arno  and  Habeck  (1972)  Larix  lyallii   is  closely  re- 
stricted to  the  outer  fringe  of  the  maritime  mountain  environments  throughout  its 
distribution  in  the  northern  United  States  and  southern  Canadian  Rockies  and  along  the 
eastern  slope  of  the  northern  Cascades.   Moreover,  Larix  lyallii   has  a  nearly  constant 
association  with  cool  aspects  and  heavily  glaciated  acidic  rocky  sites  at  or  near 
climatic  timberline.   A  more  detailed  description  of  these  sites  is  available  in  Arno 
and  Habeck  (1972) . 


Figure  43. — A   Larix  lyallii-Abies  lasiocarpa  h.t.    at  the  head  of  a  drainage   (8,700  to 
9,000  feet  elev.)   in  the  Anaoonda-Pintlar  Range  north  of  Wisdom.      Larix  lyallii 
(turning  color)   and  scattered   Pinus  albicaulis  dominate,   with  stunted   Abies 
lasiocarpa  beneath  them.      Vaccinium  scoparium  and   Luzula  hitchcockii  are  the 
principal  undergrowth  plants. 
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Pinus  albiaaulis   h.t.s 
(VIAL;   whitebark  pine) 

distribution. — PIAL   h.t.s  are  rather  common  atop  the  drier  mountain  ranges  east 
of  the  Continental  Divide  on  sites  apparently  too  dry  for  Abies   lasioearpa   and  near 
or  above  the  cold  limits  of  Pseudotsuga   and  Pinus  flexilis.      These  types  occur  from 
the  climatic  timberline  downward  on  exposed  ridges  and  south  slopes.  Thus,  they  do 
not  always  represent  cold  timberline  conditions,  but  sometimes  occur  where  tree  growth 
is  limited  by  drought  within  the  upper  subalpine  zone.   Below  that  point,  Pseudotsuga 
becomes  the  indicated  climax  (Pseudotsuga   series) ,  although  Pinus  albiaaulis   may  remain 
well  represented  as  a  persistent  serai  species. 

Vegetation. — Pinus  albiaaulis   is  the  only  tree  species  found  in  appreciable 
quantity  in  the  PIAL   h.t.s  (fig.  44).   Other  timberline  conifers  apparently  require 
more  moisture. 

Undergrowth  is  variable,  ranging  from  essentially  pure  Vaccinium  scoparium   on  the 
highest,  least-droughty  sites,  to  Carex  geyeri    (or  occasionally  Juncus  parryi)   on  drier 
sites,  and  ultimately  to  Festuca  idahoensis    (F.    ovina)    and  dry-site  forbs  on  the  most 
arid  sites  capable  of  supporting  trees.   Adjacent  drier  sites  are  occupied  by  subalpine 
grasslands,  while  more  moist  sites  (e.g.,  northerly  exposures  or  less  windy  exposures) 
usually  support  the  PIAL-ABLA   or  ABLA-PIAL/VASC   h.t.s. 
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Figure  44. --A   Pinus  albicaulis  h.t.    on  a  steep  southwest  exposure   (73900  feet  elev.) 
on  limestone  substrate  in  the  Little  Belt  Mountains  of  central  Montana.      The  stand 
is  composed  of  many-aged   Pinus  albicaulis  with  widely  scattered,   stunted  saplings 
of   Pseudotsuga  and   Abies  lasioearpa.  Undergrowth  is  an  extensive  mixture  of  dry- 
meadow  forbs  and  grasses. 
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Soil. --Our  stands  were  on  a  variety  of  parent  materials  (appendix  D-l) .   Surface 
soils  were  gravelly  silt  loams  and  silts  ranging  from  slightly  basic  (on  calcareous 
substrates)  to  slightly  acidic.   Ground  surfaces  had  little  rock  or  bare  soil  exposed; 
duff  depths  averaged  only  2.7  cm. 

Other  studies. — Weaver  and  Dale  (1974)  described  a  Pinus  albicaulis/Vaccinium 
sooparium   association  in  central  Montana  which  is  similar  to  the  coldest  and  least 
droughty  of  our  PIAL   h.t.s.   In  northwestern  Wyoming,  Cooper  (1975)  also  described  a 
Pinus  albicaulis/Vaccinium  scoparium   h.t.  in  addition  to  a  Pinus  albicaulis /Carex  geyeri 
h.t.,  Pinus  albicaulis   phase;  both  of  these  can  be  considered  subdivisions  of  our  PIAL 
h.t.s.   However,  none  of  these  are  similar  to  the  Festuca   and  dry-forb  dominated  under- 
growth situations  we  found  in  Montana.   Reed  (1976)  designated  a  Pinus  albicaulis/ 
Vaccinium  scoparium   h.t.  in  the  Wind  River  Mountains  of  Wyoming.   However,  some  of  his 
stands  did  not  contain  V.    scoparium.      We  have  followed  the  method  of  Robert  Steele  and 
others  (1975  preliminary  draft,  USDA  Forest  Service,  Intermountain  Station);  they  recog- 
nized PIAL   h.t.s.  in  central  Idaho  and  used  the  plural  to  denote  their  diversity,  but 
did  not  formally  subdivide  the  category. 

Pinus  contorta  Series 

Distribution. --This  series  consists  of  essentially  pure  stands  of  Pinus  contorta 
in  which  there  is  insufficient  evidence  to  indicate  that  other  species  constitute  the 
potential  climax.  These  stands  occur  on  extensive  areas  in  Montana,  primarily  at 
elevations  of  5,000  to  7,500  feet  east  of  the  Continental  Divide.  They  are  typically 
located  on  well-drained  upland  sites  with  gentle  topography.   This  series  is  similar 
environmentally  to  the  colder  part  of  the  Pseudotsuga   series,  the  drier  part  of  the 
Picea   series,  and  the  warm,  dry  part  of  the  Abies   lasiocarpa   series. 

Vegetation. --The  almost  exclusive  dominance  of  Pinus  contorta   may  be  due  to  these 
factors: 

1.  Historic,  repeated  wildfires  over  large  areas  may  eliminate  seed  sources  of 
potential  shade-tolerant  competitors. 

2.  Light  ground  fires  may  remove  invading  shade-tolerant  competitors  from  the 
understory. 

3.  Dense  stands  may  prevent  regeneration  of  all  conifers  for  up  to  200  years  in 
the  absence  of  disturbance  or  stand  deterioration. 

4.  Sites  may  be  unfavorable  for  the  establishment  of  other  conifers.   (In  Montana, 
the  best  example  of  this  situation  is  the  PICO/PUTR   h.t.) 

Initially  we  selected  82  stands  in  which  Pinus  contorta   was  the  nearly  exclusive 
dominant.   About  half  of  these  stands  had  enough  other  conifers  (Pseudotsuga,   Picea, 
and  Abies   lasiocarpa)   to  suggest  eventual  replacement  of  Pinus  contorta;   thus,  they  were 
also  analyzed  within  that  indicated  series.   After  analyzing  the  82  stands,  we 
recognized  12  groups  of  communities.   One  group  had  definite  evidence  of  climax 
potential  for  Pinus  contorta,   unique  undergrowth,  and  unique  environmental  features; 
it  was  designated  as  the  PICO/PUTR   h.t.  (fig.  45).   Seven  groups  appeared  to  represent 
serai  communities  of  other  habitat  types;  these  stands  were  removed  from  the  Pinus 
contorta   series  and  placed  in  their  appropriate  habitat  types.   The  remaining  four 
groups  had  undergrowth  similar  to  that  of  habitat  types  in  other  series,  but  were 
defined  as  community  types  (c.t.)  in  the  Pinus  contorta   series  to  indicate  that 
Pinus  contorta   could  possibly  be  the  potential  climax  dominant  (fig.  46).   Another 
reason  for  recognizing  these  four  groups  as  distinct  community  types  was  to  facilitate 
field  identification.   Also,  from  a  practical  standpoint,  it  appears  most  reasonable 
to  manage  them  as  if  Pinus  contorta   were  the  potential  climax  dominant. 
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Figure  45. — Pinus  contorta/Purshia  tridentata  h.t.    on  flat  ground   (6,600  feet  elev. ) 
at  West  Yellowstone,   Montana.      Pinus  contorta  is   the  only  tree  speaies  and  is  regen- 
erating success fully  in  undisturbed  stands.      Purshia  is  the  dominant  undergrowth 
plant. 

Figure  46. — Pinus  contort a/Vaccinium  scoparium  community  type  on  a  gentle  southwest- 
facing  slope   (7,000  feet  elev.)  southwest  of  Helena.      Pinus  contorta  is  virtually 
the  only  tree  species  and  is  regenerating  successfully;   however,    there  is  also 
widely  scattered  regeneration  of  Abies  lasiocarpa  and   Picea.   Vaccinium  scoparium 
forms  the  principal  undergrowth. 
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In  field  identification  it  is  important  to  remember  that  all  Pinus  oontorta- 
dominated  stands  do  not  belong  in  this  series.   Stands  with  good  representations  of 
shade-tolerant  competitors  are  clearly  early  successional  stages  and  should  be  clas- 
sified as  habitat  types  in  other  series.   Dense,  stagnated,  young  stands  may  not  allow 
regeneration  of  any  species.   By  observing  nearby  seed  sources  and  comparing  these 
sites  with  similar  sites  supporting  less  dense  stands,  one  can  determine  whether  the 
stand  represents  a  serai  stage  within  another  series  or  a  possible  Pinus  oontorta 
climax. 

Soil/Climate . --Soils  throughout  the  Pinus  oontorta   series  are  derived  from  a  wide 
variety  of  noncalcareous  parent  materials  (appendix  D-l) .   Surface  soils  range  from 
acidic  to  very  acidic,  and  are  generally  gravelly  with  a  broad  range  of  textures  from 
coarse  loamy  sands  to  silts.   Ground  surfaces  have  small  amounts  of  rock  or  bare  soil 
exposed,  and  moderate  duff  accumulations.   The  only  known  weather  station  within  the 
Pinus  oontorta   series  in  Montana  is  West  Yellowstone  (appendix  D-2) . 

Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E) . 
Based  upon  present  evidence,  Pinus  oontorta   is  the  only  tree  species  that  can  be 
managed  successfully.  Monoculture  seems  inevitable,  but  flexibility  is  available  in 
silvicultural  practices  due  to  lack  of  competing  conifers.   Stands  show  evidence  of 
light  use  (primarily  spring  to  fall)  by  mule  deer,  elk,  and  occasionally  moose.  Water 
yield  should  be  moderately  high  and  subject  to  management  by  manipulation  of  vegetation. 
The  gentle  topography  is  well  suited  to  many  management  activities;  however,  the 
esthetic  appeal  of  these  forests  may  be  limited  somewhat  by  their  monotonous  character. 

Other  studies. --Pfister  and  Daubenmire  (1975)  listed  the  current  references  to 
plant  communities  in  the  northwestern  United  States  which  refer  to  Pinus  oontorta   as 
climax.  The  Pinus  oontorta /Pur shia  tridentata   communities  described  by  Youngberg  and 
Dahms  (1970)  in  Oregon  appear  similar  to  the  PICO/PUTR   h.t.  of  southern  Montana. 
Additionally,  the  Pinus  contorta/Vaccinium  uliginosum   community  listed  by  Franklin  and 
Dyrness  (1973) --in  which  Vacoinium  caespitosum   is  a  characteristic  species--may  be 
related  to  our  Pinus  contorta/Vaccinium  caespitosum   community  type.   Moir  (1969)  also 
described  a  zone  in  Colorado  where  Pinus  oontorta   is  either  climax  or  in  a  prolonged 
serai  stage.   Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest  Service, 
Intermountain  Station)  described  one  Pinus  oontorta   habitat  type  and  several  community 
types  in  central  Idaho.   Cooper  (1975)  described  a  Pinus  oontorta   habitat  type,  as 
well  as  almost  pure  Pinus  oontorta   stands  within  two  other  habitat  types,  in  the 
northwest  Wyoming  vicinity.   Hoffman  and  Alexander  (1976)  and  Reed  (1976)  described  a 
total  of  three  Pinus  oontorta   h.t.s  in  Wyoming. 

Pinus  contorta/Purshia  tridentata   h.t. 
(PICO/PUTR;    lodgepole  pine/bitterbrush) 

Distribution. — This  habitat  type  has  been  observed  only  on  obsidian-sand  benchland 
of  alluvial  origin  in  the  vicinity  of  West  Yellowstone,  Montana.   It  covers  an  area  of 
perhaps  100  square  miles  at  an  elevation  of  approximately  6,600  feet. 

At  one  point  a  rhyolite  monolith  (Horse  Butte)  rises  about  300  feet  in  elevation 
from  within  this  area;  it  supports  an  ABLA/CARU   h.t.  on  northerly  exposures,  grassland 
on  south  exposures,  and  distinctive  Populus  tremuloides-Picea   groves  on  the  small  area 
of  flat  terrain.   Growth  rates  of  Abies   lasiooarpa,   Pioea3   and  Pseudotsuga  menziesii 
are  excellent  on  Horse  Butte,  but  these  species  do  not  invade  the  adjacent  obsidian-sand 
benchland.   Because  summer  frosts  are  frequent  at  West  Yellowstone  (appendix  D-2), 
these  benchland  sites  are  probably  too  frosty  for  Pseudotsuga   and  too  dry  (excessively 
well  drained)  for  Abies   and  Pioea. 

Vegetation. --Stands  are  moderately  open  with  numerous  age  classes  (apparently  all 
aged)  of  self-replacing  Pinus  oontorta. 
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The  undergrowth  is  sparse,  with  Purshia  tridentata   the  most  prominent  plant. 
Scattered  patches  of  Arctostaphylos  uva-ursi   are  usually  found;  forbs  include  Phlox 
multiflora,   Antennaria  microphylla,   Lupinus   spp.,  and  Crepis  acuminata;    graminoids 
include  Carex  rossii,   Sitanion  hystrix,   Danthonia  intermedia,   Poa  nervosa,    and  Agropyron 
spiaatum.      Purshia   is  locally  scarce  on  recently  burned  land,  but  its  seedlings  usually 
reinvade  within  a  few  years. 

Soil. --Soils  in  the  PICO/PUTR   h.t.  were  derived  from  obsidian-sand  alluvial  out- 
wash.   Surface  soils  are  coarse  sandy  loams  with  acidic  reactions.   Ground  surfaces  had 
no  bare  soil  or  surface  rock  exposed;  litter  depth  ranged  from  2  to  5  cm.   Cooper  (1975) 
observed  that  the  obsidian-sand  outwash  is  often  underlain  by  lake  silts;  he  provides  a 
more  detailed  description  of  soil  characterisitcs  for  the  same  sampling  area. 

Productivity /Management . --Timber  productivity  is  low  (appendix  E-4)  because  of  low 
site  indexes  and  stockability  limitations.   Cone  serotiny  (closed  cones)  averaged  40 
percent  in  our  three  sample  stands.   In  an  earlier  study,  Lotan  (1967)  found  38  percent 
serotiny  in  the  same  area,  compared  with  58  percent  serotiny  in  an  adjacent  upland  stand 
on  a  different  habitat  type.   The  open  cone  habit  aids  development  of  all-aged  stands, 
while  cone  serotiny  insures  stand  replacement  following  an  intense  wildfire. 

Stermitz  and  others  (1974)  studied  the  relationship  of  soil  characteristics  to 
Pinus  contorta   regeneration  in  the  West  Yellowstone  area  (PICO/PUTR   h.t.).   They  found 
a  strong  positive  correlation  between  seedling  survival  and  amount  of  fine  material 
(silt  plus  clay)  in  the  soil. 

In  addition  to  being  hampered  by  coarse  (droughty)  soils,  regeneration  may  be  re- 
tarded by  frost  damage,  since  natural  regeneration  was  observed  to  be  more  successful 
in  shaded  than  in  cleared  areas. 

Mule  deer  and  moose  appear  to  use  the  type  heavily,  at  least  during  summer. 

Other  studies . --Cooper  (1975)  sampled  seven  stands  (compared  with  our  three)  in 
the  West  Yellowstone  area,  and  provided  a  detailed  description  of  this  habitat  type. 
Youngberg  and  Dahms  (1970)  described  a  very  similar  climax  community  type  on  well- 
drained  pumice  soils  in  frost  pockets  in  central  Oregon. 

Pinus  contorta /Vaccinium  caespitosum   community  type 
(PICO/VACA   c.t.;  lodgepole  pine/dwarf  huckleberry) 

Distribution. — The  PICO/VACA   c.t.  occurs  mostly  east  of  the  Continental  Divide  on 
benches  and  gentle  slopes.   Stands  were  most  commonly  found  on  the  Beaverhead  and  Lewis 
and  Clark  National  Forests,  between  6,200  and  7,200  feet  in  elevation.   A  few  stands 
were  sampled  west  of  the  Divide  near  Kalispell,  Lincoln,  and  Philipsburg  at  4,800  to 
6,500  feet. 

Vegetation. — Most  stands  showed  evidence  of  possible  succession  to  the  ABLA/VACA 
h.t.,  which  is  also  normally  dominated  by  Pinus  contorta.      A  few  stands  found  on  drier 
sites  may  be  on  a  PSME/VACA   h.t.,  and  one  stand  located  on  coarse  granitic  sand  in  the 
Wise  River  drainage  (Beaverhead  National  Forest)  appeared  to  be  Pinus  contorta   climax. 
The  latter  stand  was  apparently  too  frosty  for  Pseudotsuga   and  too  dry  for  Abies 
lasiocarpa   and  Picea.      (Note  that  serai  stands  dominated  by  Pinus  contorta,   but  having 
an  understory  in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to 
as  a  successional  stage  of  another  habitat  type.) 

Vaccinium  caespitosum   is  normally  well  represented  and  codominant  with  Calamagrostis 
rubescens   in  the  undergrowth.  Vaccinium  scoparium   and  Arctostaphylos  uva-ursi   are  often 
well  represented  and  Linnaea  borealis   is  often  present  on  moist  sites. 
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Soil. --Our  stands  were  on  a  variety  of  noncalcareous  parent  materials  (appendix 
D-l).   Surface  soils  ranged  from  gravelly  to  nongravelly,  from  sandy  loams  to  silts, 
and  from  very  acidic  to  acidic.   Ground  surfaces  had  virtually  no  rock  or  mineral  soil 
exposed;  duff  depths  averaged  4.8  cm. 

Productivity /Management . --Timber  productivity  is  moderate  (appendix  E-4) .  Pinus 
contorta   is  the  only  species  that  can  be  managed  with  assurance  of  success.   Planting 
of  other  conifers  should  be  conducted  only  on  an  experimental  basis.   Other  management 
implications  are  similar  to  those  for  the  ABLA/VACA   h.t.  or  the  PSME/VACA   h.t.s  east 
of  the  Continental  Divide. 

Other  studies .--Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  also  recognized  this  community  type  in  central  Idaho. 

Pinus  contorta/ Linnaea  borealis   community  type 
(PICO/LIBO   c.t.;  lodgepole  pine/twinf lower) 

Distribution. --PICO/LIBO   c.t.  is  common  near  and  east  of  the  Continental  Divide, 
mostly  between  elevations  of  5,600  and  7,200  feet;  it  is  infrequently  found  farther 
west.   Sites  are  on  benchlands  or  north-facing  midslopes. 

Vegetation. --Seven  of  our  sample  stands  were  possibly  successional  stages  of  the 
ABLA/LIBO   h.t.,  VASC   phase.   Three  stands  might  have  been  attributed  to  the  PICEA/LIBO 
h.t.  and  one  to  the  PSME/LIBO   h.t.   Six  stands  had  no  indication  of  climax  other  than 
Pinus  contorta.      (Note  that  serai  stands  dominated  by  Pinus  contorta,   but  having  an 
understory  in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to  as 
a  successional  stage  of  another  habitat  type.) 

Undergrowth  in  the  PICO/LIBO  c.t.  is  dominated  by  various  combinations  of  Vaccinium 
globulare,  V.  scoparium,  and  Calamagrostis  rubescens,  apparently  reflecting  the  adjacent 
habitat  types;  however,  Linnaea  borealis   is  common  throughout. 

Soil. — Soils  were  derived  from  a  variety  of  noncalcareous  parent  materials.   Sur- 
face soils  were  acidic  to  very  acidic  sandy  loams  to  silts.   Gravel  content  averaged 
21  percent.   Ground  surfaces  had  little  surface  rock  and  no  bare  soil  exposed;  duff 
depth  averaged  greater  than  6  cm. 

Productivity /Management. — Timber  productivity  is  moderate  (appendix  E) .  Pinus 
contorta   is  the  only  species  that  can  be  managed  with  assurance  of  success.   Planting 
of  other  conifers  should  be  conducted  only  on  an  experimental  basis.   Deer,  elk,  and 
moose  evidently  use  these  areas  lightly  from  spring  to  fall. 

Other  studies. — In  central  Idaho,  Robert  Steele  and  others  (1975)  found  some 
Pinus  contorta- dominated   communities  with  Linnaea   in  the  undergrowth,  but  they  attributed 
these  to  their  ABLA/LIBO   h.t. 

Pinus  contorta/Vaccinium  scoparium   community  type 
(PICO/VASC   c.t.;  lodgepole  pine/grouse  whortleberry) 

Distribution. — PICO/VASC   c.t.  occurs  on  relatively  cold,  dry  sites  on  all  exposures, 
mostly  near  and  east  of  the  Continental  Divide.  Most  sample  stands  are  found  on  gentle 
middle  and  upper  slopes  or  broad  ridgetops  at  6,000  to  7,700  feet. 

Vegetation. --Stands  are  typically  even-aged  and  dominated  almost  exclusively  by 
Pinus  contorta.      Some  of  the  more  open  stands  have  Pinus  contorta   regeneration  with 
widely  scattered  shade-tolerant  conifers.   Eight  stands  at  higher  elevations  (mostly 
over  7,000  feet)  were  similar  to  the  ABLA/VASC   h.t.,  VASC   phase,  except  for  scarcity 
of  Abies   lasiocarpa.      In  the  remaining  12  stands,  at  5,800  to  7,100  feet,  Calamagrostis 
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rubescens   and  Arctostaphylos   were  common.   Four  of  these  were  suggestive  of  ABLA/VASC 
h.t.,  CABU   phase;  four  were  indicative  of  a  Pseudotsuga   climax;  and  four  were 
essentially  pure  Pinus  contorta.      The  presence  of  limited  amounts  of  Pseudotsuga 
does  not  preclude  the  possibility  that  the  stands  could  also  support  Picea   or  Abies 
at  climax.   (Note  that  serai  stands  dominated  by  Pinus  contorta,    but  having  an  under- 
story  in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to  as  a 
successional  stage  of  another  habitat  type.) 

Vaooinium  scoparium   is  well  represented  and  usually  dominates  the  undergrowth. 
Calamagrostis  rubescens   and  Arctostaphylos  uva-ursi   are  common  associates  at  lower 
elevations.  Carex  geyeri   and  Arnica  cordi folia   are  often  conspicuous. 

Soil. --Soils  were  derived  from  a  broad  variety  of  noncalcareous  parent  materials 
(appendix  D-l).   Surface  soils  were  gravelly  sandy  loams  to  silts  with  very  acidic  to 
acidic  reactions.   Ground  surfaces  had  an  average  of  5  percent  rock  but  little  bare 
soil  exposed;  duff  depth  averaged  4.7  cm. 

Productivity /Management.  —  Timber  productivity  is  low  to  moderate  (appendix  E-4) . 
Pinus  contorta   is  the  only  species  that  can  be  managed  with  assurance  of  success. 
Planting  of  other  conifers  should  be  done  only  on  an  experimental  basis.   Mule  deer, 
elk,  and  occasionally  moose  use  the  areas  lightly  during  the  summer.   Other  management 
implications  should  be  comparable  to  those  for  the  VASC   and  CARD   phases  of  the  ABLA/ 
VASC   h.t. 

Other  studies . --Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  also  recognized  a  PICO/VASC   community  type  in  central 
Idaho.   However,  Hoffman  and  Alexander  (1976)  designated  a  similar  situation  as  a 
habitat  type  in  Wyoming's  Bighorn  Mountains. 

Pinus  contorta/ Calamagrostis  rubescens   community  type 
(PICO/CARU   c.t.;  lodgepole  pine/pinegrass) 

Distribution. — PICO/CARU   c.t.  is  found  near  and  east  of  the  Continental  Divide  at 
5,900  to  6,800  feet  on  cool  exposures  and  benches,  and  between  6,600  and  7,500  feet 
on  south-facing  slopes. 

Vegetation. — An  overstory  of  nearly  pure  Pinus  contorta   is  combined  with  a  grassy 
undergrowth  of  Calamagrostis  rubescens   and  associates,  often  including  Carex  geyeri   as 
well  as  Arnica  cordifolia   or  various  other  forbs.   The  three  sample  stands  at  lowest 
elevation  (5,900  to  6,500  feet)  had  Arctostaphylos  uva-ursi   or  Spiraea  betulifolia 
associated  with  Calamagrostis,    and  were  suggestive  of  the  PSME/CARU   h.t.,  CARU   phase. 
Stands  at  higher  elevations  (6,700  to  7,500  feet)  had  little  evidence  of  the  potential 
climax.   (Note  that  serai  stands  dominated  by  Pinus  contorta,   but  having  an  understory 
in  which  shade-tolerant  conifers  are  well  represented,  are  referred  to  as  a  successional 
stage  of  another  habitat  type.) 

Soil. --Soils  were  derived  primarily  from  igneous  parent  materials  (appendix  D-l). 
Surface  soils  were  acidic  sandy  loams  to  silts  with  average  gravel  content  of  22  per- 
cent.  Ground  surfaces  had  little  rock  or  bare  soil  exposed;  duff  depths  averaged 
2.6  cm. 

Productivity /Management . --Timber  productivity  is  low  to  moderate  (appendix  E-4). 
Pinus  contorta   is  the  only  species  that  can  be  managed  with  assurance  of  success. 
Planting  of  other  conifers  should  be  conducted  only  on  an  experimental  basis.   Other 
management  implications  should  be  similar  to  those  for  the  PSME/CARU   h.t.,  CARU   phase, 
or  the  ABLA/ CARU   h.t. 

Other  studies. --Robert  Steele  and  others  (1975  preliminary  draft,  USDA  Forest 
Service,  Intermountain  Station)  described  a  similar  community  type  for  central  Idaho. 
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Cooper  (1975,  p.  35)  described  pure  Pinus  oontovta   communities  in  the  Ashton-Henry' s 
Lake  area  of  Idaho,  which  he  attributed  to  the  PSME/CARU   h.t.  We  would  have  left  the 
question  of  climax  on  those  sites  open  by  assigning  them  to  a  PICO/CARU   c.t. 

Other  Vegetation  Types 

The  current  classification  does  not  define  habitat  types  for  all  tree-covered  areas 
in  the  State.   North-central  and  northeastern  Montana  were  not  sampled.   (Dr.  Lee 
Eddleman  of  the  University  of  Montana  Forestry  School  is  directing  a  cooperative  study 
of  forest  habitat  types  in  north-central  Montana  to  be  completed  in  1978) .   Also  not 
sampled  were  a  few  forest-grassland  transitions,  and  some  sites  where  succession  toward 
climax  is  frequently  disrupted  by  flooding.  These  areas  do  represent  unique  sites  for 
plant  community  development  and  habitat  type  classifications  could  be  developed  for 
them  in  future  studies.   For  sites  where  physical  disturbance  is  part  of  the  natural 
environment,  classification  can  be  based  on  the  types  of  relatively  stable  plant 
communities  that  occur.  The  following  communities  are  recognizable,  based  upon  limited 
sampling  (i.e.,  SCREE),  observations,  and  cited  reports: 

FORESTED  SCREE  COMMUNITIES  (SCREE) 

Slopes  covered  with  rock  fragments  are  variously  referred  to  in  the  literature  as 
talus,  scree,  or  rock  debris.   We  have  chosen  to  use  the  broad  sense  of  the  term 
"scree"--that  is,  any  slope  covered  with  loose  rock  fragments  (Fairbridge  1968).  The 
term  is  derived  from  the  Old  Norse  word  "skritha"  which  literally  means  "landslide, 
or  the  rock  that  slides  away  under  the  foot"  (Gary  and  others  1972) .  Many  of  these 
sites  are  treeless,  but  those  with  finer  rock  often  support  an  open  forest  cover. 
Ecologically,  such  stands  can  be  considered  as  topo-edaphic  climaxes,  where  the  vege- 
tation reaches  a  quasi -equilibrium  with  the  constantly  shifting  substrate. 

Forest  vegetation  on  scree  appears  as  a  scattered,  open  stand  of  trees  with  a 
sparse  undergrowth  (fig.  47).   Differences  in  size  of  rock  fragments  and  rates  of 
movement  cause  heterogeneity  in  vegetation  development  on  a  given  site,  and  normal 
succession  is  constantly  interrupted.   Thus,  the  species  composition  is  extremely 
variable,  with  some  of  the  common  indicator  species  of  other  habitat  types  appearing 
unpredictably.   Vegetation  data  from  16  sample  stands  are  listed  in  appendix  C. 

Our  preliminary  western  Montana  classification  (1972)  identified  a  Pinus  ponderosa 
or  Pseudotsuga/"SCREE"   h.t.   Further  observations  statewide  showed  Pinus  flexilis   and 
Abies   lasiocarpa   also  to  be  associated  with  scree.   It  would  be  possible  to  reflect 
the  general  climate  by  identifying  forested  scree  sites  as  habitat  types  within  a 
series.   However,  because  of  the  dominant  topo-edaphic  influence  and  the  variability 
involved,  we  prefer  to  group  all  these  sites  under  the  general  heading  of  Forested 
Scree  (abbreviation  "SCREE").   In  the  key,  SCREE  is  separated  out  first  at  the  series 
level  to  prevent  users  of  the  classification  from  trying  to  force  a  habitat  type  name 
on  these  sites. 

SCREE  is  most  often  found  on  steep  (greater  than  30  degrees),  dry,  south-  to 
west-facing  slopes;  it  occurs  over  a  broad  elevational  range--5,000  to  6,700  feet  in 
our  few  samples  taken  east  of  the  Continental  Divide,  and  3,100  to  7,150  feet  west  of 
the  Divide.   It  is  most  abundant  along  the  canyons  of  major  streams.   SCREE  sometimes 
occurs  on  northerly  aspects  and  occasionally  as  high  as  the  upper  subalpine  forest  zone. 

SCREE  is  characterized  by  steep,  unstable  slopes,  lack  of  soil  development, 
stockability  limitations,  low  site  productivity,  and  regeneration  difficulty.   Uses  of 
these  sites  should  be  restricted  to  those  which  occur  naturally,  such  as  use  by  wildlife. 
Hazards  are  too  high  and  opportunities  too  low  to  attempt  intensive  management. 
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Figure  47. — Forested  scree  on  a  steep  southwest  exposure    (5,800  feet  elev.)   southwest 
of  Augusta  in  central  Montana.      Pinus  flexilis  and   Pseudotsuga  are  the  principal 
tree  species.      Arctostaphylos  uva-ursi,  Juniperus  communis,  Potentilla  fruticosa, 
Prunus  virginiana,  Shepherdia  canadensis,  and   Acer  glabrum  are  the  common  under- 
growth plants. 

At  high  elevations,  sites  composed  of  large  boulders  are  often  treeless  except 
for  islands  of  stable  vegetation  attributable  to  specific  habitat  types--such  as  ABLA/ 
LUHI,  ABLA/MEFE,   and  ABLA-PIAL/VASC .      Islands  of  a  given  habitat  type  thus  may  occur 
within  a  nonforested  scree  situation.   The  LALY-ABLA   h.t.s  occupy  boulder-covered  sites 
that  are  relatively  stable. 

BOTTOMLAND  HARDWOOD  FORESTS 

These  riparian  forests  are  dominated  by  species  of  Populus,   Salix,   Betula,    and 
Alnus ,    and  by  arborescent  shrubs  including  Cornus  stolonifera,   Sambucus  coerulea,   Sorbus 
scopulina,  Acer  glabrum,   Crataegus   spp.  ,  and  Prunus   spp.   They  extend  along  rivers  from 
the  mountain  forests  far  out  into  semiarid  grasslands.   Because  of  periodic  destructive 
flooding,  along  with  changes  in  stream  channels  and  sedimentation,  climax  is  rarely 
approached,  even  though  conifers  may  be  present  with  the  hardwoods.   Despite  frequent 
disturbance,  relatively  stable  plant  communities  develop  and  are  identifiable.   Analysis 
is  complicated  because  these  riparian  forests  are  heavily  grazed  and  otherwise  disturbed 
by  man's  activities.   Only  a  few  undisturbed  stands  remain,  usually  on  islands  in  the 
major  rivers. 

The  following  community  types  seem  to  exist,  although  stands  were  not  sampled: 

Populus  trichocarpa-Pinus  ponderosa   Communities. — These  are  prevalent  along  the 
major  alluvial  valleys  below  about  4,000  feet  elevation  west  of  the  Continental  Divide, 
especially  in  west-central  Montana.   Foote  (1965)  sampled  and  described  some  of  these 
stands. 
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Populus   triohooarpa-Betula  papyrifera   Communities. — These  occur  at  lower  elevations 
(below  about  3,500  feet)  in  relatively  wet  areas  of  northwestern  Montana,  such  as  the 
upper  Flathead  Valley.   They  often  contain  Pioea  glauca  X  engelmannii,    and  sometimes 
appear  to  be  successional  to  Picea   habitat  types  in  the  absence  of  severe  flooding. 

Populus  trichocarpa  Communities. — These  are  widespread  at  lower-to-middle  eleva- 
tions (below  6,000  feet),  especially  east  of  the  Continental  Divide  in  broad  valleys 
isolated  from  the  conifer  forests  or  locally  out  of  the  range  of  Pinus  ponderosa.      The 
Jefferson,  Gallatin,  and  Yellowstone  River  valleys  support  particularly  extensive  stands. 
In  eastern  Montana,  comparable  communities  are  dominated  by  the  closely  related  Populus 
deltoides . 

Salix-Betula  occidentalis  Communities. —  These  occur  in  the  high  valleys  near  or 
east  of  the  Continental  Divide,  mostly  between  5,500  and  7,000  feet  elevation.   They 
are  composed  of  small  shrubby  trees  (10  to  20  feet  tall)  and  are  apparently  associated 
with  sites  too  cold  for  Populus  triohooarpa.      Examples  include  the  Flint  Creek  and 
other  headwater  valleys  of  the  Clark  Fork  River  west  of  the  Divide,  and  the  Bighole, 
upper  Madison,  and  other  high  valleys  of  southwestern  Montana. 

POPULUS  TREMULOIDES   STANDS 

Populus  tremuloides   Climax  Communities. — Pure  stands  of  Populus  tvemuloides   are 
found  in  the  prairies  immediately  east  of  Glacier  National  Park.   These  self-perpetuating 
aspen  stands  are  apparently  the  southward  extension  of  the  broad  Canadian  groveland 
found  at  the  foot  of  the  Rockies  in  Alberta  and  extending  east  across  Alberta  and  Sas- 
katchewan into  southwestern  Manitoba  and  adjacent  Minnesota  (Lynch  1955).   Climax 
aspen  stands  apparently  related  to  this  groveland  were  noted  in  the  current  study  as 
far  south  as  Augusta  (west  of  Great  Falls).   It  is  evident  that  the  aspen  groves  have 
more  soil  moisture  than  the  adjacent  grassland  (Lynch  1955).   Conifers  are  at  best 
marginally  present  in  these  situations  and  their  reproduction  may  be  prevented  by  abun- 
dant Populus   and  luxuriant  undergrowth  (Pfister  1972a) .   Small  patches  of  climax  aspen 
groveland  may  also  occur  to  a  limited  extent  farther  south  in  Montana,  near  or  east  of 
the  Continental  Divide.   Reed  (1971),  Wirsing  (1973),  and  Hoffman  and  Alexander  (1976) 
described  three  Populus  tremuloides   habitat  types  in  Wyoming. 

Populus  tremuloides -Conifer  Communities. — Most  aspen  groves  in  the  Montana  Rockies 
are  quite  small,  and  occur  within  or  adjacent  to  conifer  forest;  they  have  apparently 
been  perpetuated  by  periodic  wildfires  (Habeck  1970;  Cooper  1975).   With  the  current 
suppression  of  such  fires,  and  especially  where  elk  and  other  animals  feed  heavily  on 
aspen,  succession  favoring  Abies   lasiocarpa,   Picea,    or  Pseudotsuga   is  evident  (Krebill 
1972).   Conifer  regeneration  is  also  apparent  in  many  aspen  stands,  including  those 
at  the  foot  of  the  mountains  on  the  eastern  side  of  Glacier  National  Park  (Habeck  1970) . 
Presumably,  stands  with  good  representations  of  conifers  should  key  to  conifer  habitat 
types.   Cooper  (1975)  has  also  described  Populus  tremuloides   stands  in  northwestern 
Wyoming  where  they  are  more  extensive. 

JUNIPERUS   WOODLANDS 

Stands  of  essentially  pure  Juniperus  scopulorum   cover  small  areas  on  rocky,  dry 
sites  in  the  higher  valleys  near  the  Continental  Divide.   We  noted  such  stands  in  the 
vicinities  of  Drummond,  Butte,  Whitehall,  and  in  the  northern  part  of  the  Madison  Range, 
but  did  not  sample  them.   These  coniferous  woodlands,  found  well  below  the  forest 
proper,  are  apparently  a  northern  extension  of  the  Great  Basin  "Pinyon/ juniper"  zone. 

More  commonly,  Juniperus  scopulorum   is  a  minor  associate  with  other  conifers  on 
low-elevation  sites  within  the  Pinus  flexilis,   Pseudotsuga,    and  Pinus  ponderosa   series. 
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SAVANNAS 

Coniferous  forest  and  mountain  grassland  are  by  far  the  two  most  extensive  vegeta- 
tional  formations  in  the  Montana  Rockies.   The  boundary  between  them  is  usually  well- 
defined.   Mueggler  and  Handl  (1974  preliminary  draft,  USDA  Forest  Service,  Intermountain 
Station)  have  made  a  classification  of  grassland  and  shrubland  habitat  types  in  the 
Montana  Rockies . 

Our  forest  classification  includes  all  stands  having  a  potential  of  at  least  25 
percent  forest  canopy.  Areas  having  5  to  25  percent  crown  canopy  coverage  potential 
are  termed  savannas  —  grassland  with  scattered  trees  (Penfound  1967).  Such  areas  are 
not  extensive,  but  if  encountered,  they  should  be  checked  against  both  the  grassland 
and  forest  classifications.   (Neither  study  specifically  sampled  savannas.) 

GREAT  PLAINS  FORESTS 

Non-Rocky  Mountain  forests  in  eastern  Montana  were  only  marginally  covered  in  this 
classification.   Sampling  was  restricted  to  Pinus  ponderosa   forests  in  the  Ashland  and 
Roundup  vicinities.   Stands  in  the  Missouri  River  Breaks  northeast  of  Lewistown  were 
not  sampled,  although  Mackie  (1970)  described  them.   Isolated  areas  of  mountain  forests 
not  sampled  include  the  Bearpaw  and  Little  Rocky  Mountains,  and  the  Sweetgrass  Hills 
in  north-central  Montana,  and  the  northern  end  of  the  Bighorn  Range  near  the  Wyoming 
line.  Hoffman  and  Alexander  (1976)  should  be  useful  in  the  latter  area. 


CHARACTERIZATON 
AND  DISTRIBUTION  OF  HABITAT  TYPES 


Climate 

Appendix  D-2  shows  key  characteristics  of  the  climate  at  stations  representing 
various  habitat  types  and  phases.   Most  of  the  data  are  from  U.S.  Weather  Service 
stations  having  30-year  normals  or  long-term  records.  The  habitat  type  and  phase 
shown  for  each  of  these  stations  is  estimated  to  be  the  appropriate  climatic  climax. 
Often  a  reconnaissance  plot  was  taken  nearby. 

Other  climatic  data  representing  specific  forest  habitat  types  in  Montana  may  be 
available  from  Weather  Service  records  or  special  studies  made  by  various  researchers. 
Even  data  taken  at  fire  lookout  sites  may  be  useful  if  collected  consistently  and  care- 
fully for  several  summer  seasons  and   if  maximum  and  minimum  thermometers  or  continuously 
recording  hygrothermograph  traces  were  used.   Careful  evaluation  of  the  site  is  neces- 
sary to  determine  the  appropriate  climatic  climax.   For  instance,  climatic  data  from  a 
site  supporting  an  edaphic  climax  should  be  interpreted  in  relation  to  the  nearest  ex- 
pression of  a  climatic  climax,  rather  than  the  immediate  edaphic  climax. 

Soils 

Characteristics  of  the  upper  10  cm  of  soil  are  summarized  in  appendix  D-l  and  as 
a  paragraph  in  each  habitat  type  description.   Soil  samples  were  first  examined  in  the 
laboratory  by  an  experienced  soil  scientist  (Ronald  McConnell,  USDA  Forest  Service, 
retired)  to  determine  structure,  character  of  horizons,  and  textural  class.   Air-dry 
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samples  were  then  weighed,  sieved  (2  mm)  to  separate  the  gravel,  and  reweighed  to 
determine  percent  gravel  content.   The  soil  separate  was  analyzed  for  wet  color,  dry 
color  and  pH,  using  the  water-paste  method  with  a  12-hour  delay  before  reading  with  a 
glass  electrode  pH  meter.   The  soil  paste  was  then  used  to  confirm  the  textural  class 
designation.   The  gravel  and  larger  coarse  fragments  were  examined  by  geologists 
(Sigrid  Asher-Moore  and  Cynthia  Heliker,  University  of  Montana,  Missoula)  to  determine 
major  parent  materials. 

Soil  sampling  and  analyses  were  designed  to  obtain  a  simple  characterization  of 
surface  soils  for  each  habitat  type,  rather  than  detailed  soil-vegetation  relationships. 
Even  our  limited  data  make  it  evident  that  some  habitat  types  are  strongly  controlled 
by  edaphic  or  topo-edaphic  factors  and  have  a  narrow  range  of  soil  characteristics;  other 
habitat  types  occur  on  a  broad  range  of  soils. 

One  of  the  strongest  influences  of  soil  on  vegetation  in  Montana  is  the  presence 
of  calcareous  parent  materials.  The  PIPO/SYAL   h.t.,  BERE   phase  as  well  as  the  PICEA/ 
PHMA,   PICEA/SEST,   ABLA/CLPS,    and  most  of  the  Pinus  flexilis   h.t.s  have  a  strong  affinity 
for  calcareous  substrates.   Dark-colored  surface  horizons  were  generally  found  in 
habitat  types  having  either  a  grass-dominated  undergrowth  or  calcareous  substrates, 
although  they  were  occasionally  found  in  other  habitat  types  as  well. 

Exposure  of  mineral  soil  and  rock  was  greatest  on  the  warm,  dry  habitat  types  of 
the  Pinus  flexilis,  Pinus  ponderosa,  and  Pseudotsuga  series.  Litter  accumulation  was 
lowest  in  these  habitat  types. 

Several  habitat  types  are  associated  with  water  tables  close  to  the  surface  during 
part  of  the  year  (e.g.,  the  PICEA/EQAR,    THPL/OPHO,   ABLA/OPHO,    and  ABLA/CACA   h.t.s). 
Our  samples  indicate  that  these  habitat  types  have  less  gravel,  finer  textures,  lower 
pH,  and  deeper  litter  accumulation  than  adjacent  upland  sites;  however,  more  complete 
soil  descriptions  would  be  necessary  to  adequately  document  these  relationships. 

A  few  research  studies  have  documented  soil  characteristics  by  habitat  type  in 
the  Northern  Rockies.   McMinn  (1952)  and  Daubenmire  (1968a)  showed  that  soil  moisture 
depletion  rates  differ  substantially  among  habitat  types,  and  this  helped  explain  the 
differences  in  vegetation.   Work  is  currently  being  conducted  by  the  Soil  Conservation 
Service  (Harold  Hunter,  Bozeman)  and  the  Bitterroot  National  Forest  (B.  John  Losensky, 
Hamilton)  to  measure  relationships  between  habitat  types  and  soil  temperatures. 

It  is  often  theorized  that  vegetation  or  habitat  types  can  be  predicted  from  soil 
characteristics.   But  R.  and  J.  Daubenmire  (1968)  have  emphasized  that  the  correlation 
between  habitat  types  and  soil  types  (classified  on  the  basis  of  standard  soil  profile 
characteristics)  is  too  weak  to  allow  prediction  of  habitat  types  from  soil  types,  or 
vice  versa.   We  subscribe  to  this  viewpoint  as  a  general  rule  for  several  reasons. 
First,  the  development  of  a  soil  profile  reflects  a  long-term  integration  of  soil  form- 
ing factors,  whereas  vegetation  development  is  much  more  sensitive  to  current  climatic 
conditions.   Second,  soil  classification  systems  are  not  designed  to  primarily  reflect 
influences  on  vegetational  development;  therefore,  predictive  capabilities  should  not 
necessarily  be  expected.   Third,  vegetational  development  depends  on  many  factors,  of 
which  soil  characteristics  is  only  one.   According  to  the  principle  of  factor  inter- 
action, species  are  able  to  grow  on  a  wide  range  of  substrates  when  other  factors  pro- 
vide compensatory  effects. 

In  summary,  land  managers  should  be  cautious  about  attempting  to  "shortcut"  in- 
ventories of  either  vegetative  potentials  or  soils  through  the  process  of  "assumed 
correlations."  Some  useful  correlations  undoubtedly  exist;  but  they  must  be  developed 
objectively,  tested  adequately,  and  extrapolated  with  caution. 
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Vegetation 


OCCURRENCE  OF  SPECIES 

Appendix  B  is  an  interpretation  of  tree  species  occurrence  in  habitat  types  and 
phases.  This  provides  the  basic  information  for  selecting  and  managing  tree  species 
based  on  their  environmental  adaptation  and  successional  role  in  specific  habitats. 

Appendix  C-l  provides  constancy  and  average  coverage  data  for  93  "important" 
species  (those  with  major  occurrence  or  indicator  significance)  for  each  of  the  habitat 
types  and  phases.  This  table  can  be  used  (1)  for  gaining  more  insight  into  the  struc- 
ture of  the  classification  than  the  key  or  the  written  type  descriptions  provide;  (2) 
as  a  summary  of  composition  in  the  relatively  mature  (70  years  and  older)  sample  stands 
and  (3)  for  evaluating  the  ecological  amplitude  and  abundance  of  any  species  for  the 
later  successional  stages  of  the  entire  classification. 

Appendix  C-2  provides  a  detailed  presence  list  by  habitat  type.  This  includes  all 
species  that  occurred  in  five  or  more  of  the  approximately  1,500  sample  stands. 

How  to  use  species  occurrence  data. — The  following  examples  show  how  to  use 
appendixes  B,  C-l,  and  C-2  to  determine  the  distribution  and  relative  importance  of 
plants  by  habitat  type.   Keep  in  mind,  however,  that  the  potential  application  of 
these  appendixes  is  much  broader  than  shown  in  these  introductory  examples. 

Question  1. — Is  Artemisia  tridentata  found  in  the  Pseudotsuga  menziesii/Festuca 
iddhoensis   h.t.,  and  if  so,  how  abundant  is  it? 

Data  (from  appendix  C-l):       PSME/FEID   h.t. 

19  stands 
constancy  ►  6  (5)  < average  percent  coverage 

Answer:  Constancy  is  about  60  percent  (see  code  at  bottom  of  appendix  C-l). 
This  means  that  11  or  12  of  the  19  sample  stands  had  some  Artemisia 
tridentata.  The  coverage  value  shows  that  Artemisia  had  an  average 
canopy  coverage  of  5  percent  in  the  stands  where  it  occurred. 

Question  2. — Is  Artemisia  tridentata   a  major  undergrowth  species  in  Montana  forest 
stands? 

Data:    Appendix  C-l  shows  that  Artemisia  tridentata   was  found  in  11  of  the  100 
habitat  types  and  phases  listed.  However,  only  in  3  types  and  phases 
did  it  have  a  constancy  of  50  percent  or  more: 

PIFL/AGSP   h.t.  PIFL/FEID   h.t.  PSME/FEID   h.t. 

6  stands  7  stands  19  stands 

5  (1)  6  (1)  6  (5) 

Average  canopy  coverage  by  Artemisia   is  only  1  percent  (even  in  those  stands 
where  it  does  occur)  except  in  the  Pseudotsuga/ Fes tuoa  idahoensis   h.t. 

Answer:  Evidently  Artemisia  tridentata  is  not  a  major  undergrowth  species  in 
mature  forest  stands,  with  the  limited  exception  of  the  Pseudotsuga/ 
Festuoa  idahoensis   h.t. 
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Question  3. — If  you  were  given  seedlings  of  Acer  glabrum   to  plant  for  big  game 
habitat  purposes,  which  of  the  following  habitat  types  would  you  choose  for  planting 
them  in? 

P  IPO /FEU)   h.t.,  FEW   phase 

PSME/FESC   h.t. 

ABLA/VACA   h.t. 

PSME/PHMA   h.t.,  PUMA   phase 

PSME/CAGE   h.t. 

THPL/CLUN   h.t.,  CLUN   phase 

Data:    This  species  is  not  shown  in  appendix  C-l  (Constancy  and  Average  Coverage); 
therefore,  appendix  C-2  (Presence  List)  will  have  to  serve  as  the  source 
of  data.   According  to  appendix  C-2,  Acer  glabrum   was  absent  in  three  of 
the  habitat  types- -PWO/FEW>    PSME/FESC a    and  ABLA/VACA—  and  was  present 
in  only  1  out  of  the  10  stands  in  PSME/CAGE   h.t.   By  contrast,  it  oc- 
curred in  18  of  45  stands  in  the  PSME/PHMA   h.t.,  PUMA   phase,  and  in  10  of 
15  stands  in  THPL/CLUN   h.t.,  CLUN   phase. 

Answer:   Thus,  only  PSME/PHMA   and  THPL/CLUN   are  logical  choices. 


Question  4. — Which  tree  species  occur  in  the  PSME/CARU   h.t 
their  successional  roles  and  how  abundant  are  they? 

Answer  (provided  by  data  from  appendixes  B  and  C-l): 


CARU   phase?  What  are 


Species 


Pinus  ponderosa 
Pseudotsuga  menziesii 
Pinus  contorta 
Larix  ocaidentalis 
Abies   lasiocarpa 
Pinus  albicaulis 


PSME/CARU   h.t 

,  CARU   phase 

(Appendix  B) 

(Appendix  C-l) 

Role 

Constancy   (average  coverage 

percent) 

a 

-   accidental 

2    (1) 

C 

=  major  climax 

10  (60) 

(S) 

=  major  serai  in 

part 

of  the 

phase 

6  (20) 

(s) 

=  minor  serai  in 

part 

of  the 

phase 

1  (11) 

a 

=  accidental 

1  (1) 

a 

=  accidental 

1  (3) 

TIMBER  PRODUCTIVITY 

Timber  productivity  is  one  of  the  key  management  implications  for  which  data  were 
collected  during  this  study.   Site  trees  were  selected  to  determine  the  potential  height 
growth  of  relatively  free-growing  trees.   One  site  tree  of  each  species  was  selected  for 
each  stand  wherever  possible.   Site  trees  showing  marked  diameter-growth  suppression  for 
a  period  of  10  or  more  years  were  rejected  during  analysis  of  the  increment  cores.   Old- 
growth  and  stagnated  trees  were  not  used  for  productivity  estimation.   Even  though  only 
a  single  site  tree  per  species  per  stand  was  used,  the  data  are  reasonably  consistent. 
Comparisons  appear  to  be  valid,  and  the  sample  size  (794  stands)  permits  comparison  of 
productivity  among  habitat  types  as  well  as  within  each  habitat  type. 

Determination  of  site  index  from  height-age  data  requires  specific  procedures  for 
each  tree  species.   The  number  of  years  to  reach  breast  height  (4.5  feet)  must  be  meas- 
ured or  estimated  for  species  having  height-total  age  site  curves.   If  a  site  curve  is 
not  available,  a  curve  from  another  species  must  be  selected  as  a  substitute.   Criteria 
used  to  determine  total  age,  as  well  as  sources  of  site  index  curves  and  yield  capa- 
bility data  for  this  analysis,  are  summarized  in  table  7. 
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Table  7 .--Criteria  and  sources  for  determining  site  index  and  for  estimating  yield  capability 


Species 


Estimated  years 

to  obtain 

breast  height 


Source  of 
site  curve1 


Yield  capability 
(all  trees  -  fig.  8) 


PIPO 
PSME 
PICO 

LAOC 

PICEA 
ABGR 
ABLA 
PI  MO 
TSHE 

THPL 
TSME 
LALY 
PIAL 
PIFL 


10 

Lynch  1958 

10 

10 

Alexander  1966 

5-West  side 

5 

Schmidt  and  othe 

(  3) 

Alexander  1967 

(  P 

(  3) 

Stage  1959 

5 

Haig  1932 

10 

Deitschman  and 

Green  1965s 

(  3) 
(  3) 
(  3) 
(  3) 
(  3) 

Brickell  1970 


Used  PIPO  curves- 


Used  LAOC  curve2 

Schmidt  and  others  19762 
Alexander4 


Used  PICEA  curves 

Brickell  1970 
Used  PIMO  curve 

Used  PICEA  curves 

Used  PICEA  curves 

Used  PICEA  curves 

Used  PICEA  curves 

Used  PICEA  curves 


1  All  site  curves  with  a  100-year  index  age  were  converted  to  a  50-year  index  age. 

2  Brickell's  (1970)  curves  for  PICO  and  LAOC  (trees  larger  than  5.0  inches)  were  nearly  iden- 
tical.  A  new  curve  (based  on  all  trees)  was  developed  for  LAOC  from  yield  data  in  Schmidt  and 
others  (1976).   The  LAOC  curve  for  all  trees  appears  to  be  as  accurate  as  any  available  for  esti- 
mating PICO  yield  capability  for  all  trees. 


3  Curves  based  on  age  at  breast  height  were  used. 


**  Data  used  in  a  recent  yield  study  (Alexander  and  others  1975)  were  provided  by  Alexander. 
Site  index  and  mean  annual  increment  from  21  fully-stocked  natural  stands  were  used  to  develop  the 


curve  shown  in  figure  8.   (Yield  capability  =  -26.0  +  1.84  Site  Index  (50);  R2 
5  TSHE  height  and  age  were  used  to  estimate  PIMO  site  index. 


0-66) 


We  used  Pinus  ponderosa   curves  for  determining  Pseudotsuga   site  index  rather  than 
Brickell's  (1968)  Pseudotsuga   curves,  because  the  curve  shapes  for  Pinus  ponderosa   are 
more  realistic  for  our  data  (giving  closer  estimates  for  different  aged  site  trees  in 
the  same  stand).   Furthermore,  since  Pinus  ponderosa   yield  tables  are  currently  used  to 
estimate  Pseudotsuga   yields  in  the  Northern  Rocky  Mountains,  it  is  more  logical  to  use 
Pinus  ponderosa   site  index  for  estimating  Pseudotsuga   yields. 

We  used  Alexander's  (1967)  Pioea  engelmannii   curves  for  Picea   rather  than  Brickell's 
(1966)  because:  (1)  Alexander's  are  based  on  breast-height  age  (data  available)  rather 
than  total  age  (estimate  required) ;  (2)  the  curve  shapes  are  more  realistic  for  our  data 
(giving  closer  estimates  for  different  aged  site  trees  in  the  same  stand) ;  and  (3)  yield 
data  related  to  the  curves  are  available  (Alexander  and  others  1975) .   We  also  used 
Alexander's  (1967)  Pioea  engelmannii   curves  for  several  other  species  that  lack  site- 
index  curves;  because  they  do  not  require  breast-height  age  estimates.   Thus  a  possible 
source  of  estimation  error  is  eliminated. 

The  site-index  data  (base  age  50  years)  have  been  summarized  by  species  within 
habitat  types  (appendix  E-l) .   Because  of  regional  differences  in  habitat-type  occurrence 
as  well  as  apparent  regional  differences  in  productivity  for  some  habitat  types,  all 
timber  productivity  data  were  summarized  separately  for  west-side  and  east-side  forests. 
The  mean  site  index  was  calculated  whenever  three  or  more  values  were  available.   With 
five  or  more  values,  a  95-percent  confidence  interval  for  estimation  of  the  true  popula- 
tion mean  was  calculated.   (The  confidence  interval  narrows  with  both  decreased  varia- 
bility and  increased  sample  size.)   The  same  procedure  was  used  for  summarizing  basal 
areas  of  sample  stands. 

The  maximum  heights  observed  in  old-growth  stands  (>200  years)  are  presented  in 
appendix  E-2.   These  data  can  be  used  for  simple  comparisons  and  for  identifying  sites 
where  height  is  severely  limited. 
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Although  site  productivity  can  be  compared  by  using  site  index  alone,  a  more  use- 
ful assessment  can  be  made  by  using  the  estimated  net  yield  capability  of  the  site 
(cubic-foot  production).   Until  managed-stand  yield  tables  are  completed,  the  best 
approach  is  to  use  natural-stand  yield  tables  for  assessing  yield  capability.   As 
stated  by  Brickell  (1970),  "Yield  capability,  as  used  by  Forest  Survey,  is  defined  as 
mean  annual  increment  of  growing  stock  attainable  in  fully  stocked  natural  stands  at 
the  age  of  culmination  of  mean  annual  increment."   (In  other  words,  yield  capability  = 
maximum  mean  annual  increment  attainable  in  fully  stocked  natural  stands.   For  additional 
explanation  see  Glossary,  appendix  G.) 

The  curves  used  to  estimate  yield  capability  from  site  index  are  presented  in 
figure  48. 

Yield  capability  values  are  based  on  cubic  feet  of  all  trees  (>0.5  inch  d.b.h.). 
The  Larix  oooidentalis   curve  was  derived  from  Schmidt  and  others  (1976).   (Brickell's 
1970  curve  for  this  species  was  only  for  trees  greater  than  5.0  inches  in  diameter.) 
The  Larix   curve  was  also  used  for  Pinus  oontorta   because  Brickell's  (1970)  curves  (trees 
>5.0  inches)  are  almost  identical  for  the  two  species,  and  because  natural  stand  yield 
data  have  not  been  published  for  Pinus  oontorta. 

The  Pioea   curve  was  derived  from  original  data  used  in  developing  managed-stand 
yield  tables  (Alexander  and  others  1975).   We  calculated  mean  annual  increment  for  all 
trees  for  21  of  Alexander's  fully  stocked  natural  stands  near  the  age  of  culmination 
of  mean  annual  increment  (ages  from  97  to  165  years) .   A  linear  regression  of  yield 
capability  on  Alexander's  (1967)  site  index  was  conducted,  converted  to  site  index  at 
base-age  50,  and  plotted  in  figure  48.   [Yield  Capability  =  -26.0  +  (1.84  X  50-year 
site  index.)  R2  =  0.66]  .  The  other  curves  were  developed  by  Brickell  (1970)  from 
natural-stand  yield  tables. 

The  spread  in  these  curves  indicates  that  natural-stand  yield  capability  for  a 
given  site  index  is  considerably  higher  in  Abies  grandis-   and  Pinus  montioola-dominated 
stands  than  for  other  species.   This  illustrates  the  importance  of  using  species- 
specific  curves  for  estimating  productivity. 

Our  best  current  estimates  of  yield  capability  (in  cubic  feet/acre/year)  for  each 
habitat  type  are  shown  in  appendix  E-3  (west-side)  and  E-4  (east-side) .   Procedures 
used  to  develop  these  estimates  were: 

1.  Yield  capability  was  estimated  for  each  site  tree  from  appropriate  species 
curves  according  to  the  criteria  in  table  7.   These  values  were  plotted  by  species 
within  habitat  types  and  phases  for  a  visual  display  of  distribution. 

2.  Mean  yield  capability  for  all  site  trees  in  each  habitat  type  was  calculated 
and  cutoff  points  were  established  to  approximate  90  percent  of  the  range  of  our  data. 

3.  For  habitat  types  where  stockability  appears  to  limit  productivity,  a  stock- 
ability  factor  was  developed.   Basal  area  data  for  plots  in  these  types  were  compared 
with  Meyer's  (1938)  basal  area  data  for  fully  stocked  "normal"  stands,  following  the 
approach  of  MacLean  and  Bolsinger  (1973) .   From  these  calculations  and  additional 
observations,  an  average  mean  stockability  factor  was  determined  for  several  habitat 
types.   This  factor  was  multiplied  by  yield  capability  for  a  given  site  index  to 
determine  the  adjusted  yield  capability.   A  factor  of  ±0.10  was  used  to  expand  the 
estimated  range  of  productivity. 

These  current  best  estimates  (appendixes  E-3  and  E-4)  portray  both  relative  pro- 
ductivity of  habitat  types  and  the  range  of  productivity  within  a  habitat  type.   From 
these,  it  is  possible  to  assign  a  ranking  or  qualitative  rating  of  potential  timber 
productivity  of  natural  stands  for  use  in  planning. 
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Figure  48.—  Yield  capability  of  fully  stocked  natural  stands  in  relation  to  site  index. 
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As  Daubenmire  (1976)  emphasized,  natural  vegetation  serves  as  a  convenient  indi- 
cator of  productivity  over  large  areas  of  land.   However,  productivity  within  habitat 
types  (appendix  E)  often  shows  substantial  variability.   The  following  points  help 
explain  this  variability,  and  give  suggestions  for  reducing  it. 

1.  Site-index  curves  were  used  to  obtain  productivity  data  from  yield  tables. 
Different  height-growth  patterns  undoubtedly  occur  on  different  sites,  but  data  to 
account  for  this  variation  are  not  available. 

2.  Yield  tables  and  site  curves  have  not  been  developed  for  all  species,  making 
extrapolation  necessary. 

3.  Yields  of  mixed  species  stands  can  be  estimated  by  several  individual  species' 
yield  tables.   We  found  that  a  range  of  30  to  40  cubic  feet/acre/year  in  yield  capa- 
bility was  common  in  individual  stands,  depending  upon  the  species  used  for  estimation. 

4.  Some  variability  in  productivity  within  a  habitat  type  is  logical  in  a  natural 
classification  system.   The  habitat  type  classification  is  based  on  abilities  of  species 
to  reproduce  and  mature  under  competition,  not  on  their  rates  of  growth.   The  correla- 
tion between  this  and  productivity  is  imperfect.   (For  instance,  in  some  stands  tree 
roots  draw  on  underground  water  tables  and  achieve  excellent  growth  rates,  while  surface 
drought  limits  development  of  tree  seedlings  and  undergrowth.) 

5.  Where  a  more  accurate  estimate  of  productivity  is  needed  for  local  areas,  we 
recommend  taking  additional  site-index  samples. 

6.  It  has  been  suggested  that  productivity  estimates  for  habitat  types  could  be 
improved  by  incorporating  classifications  of  soils,  topography,  or  climate.   We  have 
demonstrated  a  major  regional  difference  in  productivity  by  separating  west-side  and 
east-side  data  (appendix  E) .   Differences  in  productivity  within  a  habitat  type  due  to 
topography  or  soils  are  also  apparent  in  some  local  areas.   However,  because  of  the 
limitations  of  existing  site  index  curves  and  yield  tables,  further  refinement  of 
productivity  data  for  large  areas  should  be  based  on  more  precise  methods  of  measuring 
productivity. 

7.  Natural-stand  yield  capability  by  habitat  type  could  be  estimated  more  pre- 
cisely by  direct  measurements  of  volume  growth,  rather  than  by  using  site  index  to 
enter  a  yield  table  based  on  averages.   This  would  require  analysis  of  existing  timb 
inventory  plots  representing  maximum  growth  potential  or  new  field  measurements. 
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8.   Recent  stand  growth  models  (Stage  1973,  1975)  utilize  growth  coefficients 
based  on  habitat  types.   These  add  a  new  dimension  to  yield  prediction,  provide  the 
basis  for  developing  managed-stand  yield  tables,  and  should  improve  our  knowledge  of 
productivity  within  and  between  habitat  types. 

Geographic  Distributions  of  Habitat  Types 

As  discussed  in  their  individual  descriptions,  most  habitat  types  are  restricted 
to  certain  areas  within  the  Montana  Rockies.  Many  of  them--including  the  entire  Abies 
gvandiSy    Thuja3    and  Tsuga   series--are  confined  to  northwestern  and  west-central  parts 
of  the  State.   Others,  including  the  entire  Pinus  flexilis   series,  are  found  only  near 
or  east  of  the  Continental  Divide.   Only  a  few--e.g.,  PSME/CARU,    PSME/SYAL,    PIAL-ABLA-- 
are  relatively  common  throughout  the  Montana  Rockies. 

The  geographical  distribution  of  each  habitat  type  is  reflected  in  appendix  A, 
which  shows  the  number  of  sample  plots  in  each  habitat  type  and  phase  taken  in  each  of 
12  portions  of  the  State.   Absence  of  sample  plots  in  a  given  area  does  not  necessarily 
indicate  that  the  habitat  type  is  not  present,  but  it  does  suggest  that  it  is  at  most 
of  minor  occurrence. 
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Figures  49  through  56  are  schematic  diagrams  of  the  pattern  of  forest  habitat 
types  and  phases  found  in  seven  areas  of  Montana.  These  diagrams  are  not  literally 
accurate,    but  they  do  attempt  to  portray  the  arrangement  of  all  major  habitat  types 
likely  to  be  found  in  a  given  vicinity.  On  a  specific  mountainside  or  in  a  small 
drainage,  as  few  as  half  of  the  types  depicted  for  that  general  vicinity  may  be  present. 
These  diagrams  also  illustrate  the  criteria  used  in  defining  the  classification  units. 
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Figure  49. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation   (from  left  to  right)   in  mature  forest  stands  near 
Libby.     The  horizontal  bars  designate   lower  and  upper  limits  of  the  species.     That 
portion  of  the  tree  species  '  range  where  it  is  considered  climax  is  indicated  by 
shading.      That  portion  of  the  undergrowth  species  '  range  where  it  is  used  to 
define  a  habitat  type  is  indicated  by  shading. 
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Figure  50. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation    (from  left  to  right)  in  mature  forest  stands  near 
Missoula.      The  horizontal  bars  designate  lower  and  upper   limits  of  the  species. 
That  portion  of  the  tree  species  '  range  where  it  is  considered  climax  is  indicated 
by  shading.      That  portion  of  the  undergrowth  species  '  range  where  it  is  used  to 
define  a  habitat  type  is  indicated  by  shading. 
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Figure  51. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation    (from  left  to  right)   in  mature  forest  stands  in  the 
vicinity  of  Butte  and  Philipsburg.     The  horizontal  bars  designate  lower  and  upper 
limits  of  the  species.      That  portion  of  the  tree  species'  range  where  it  is  considered 
climax  is  indicated  by  shading.      That  portion  of  the  undergrowth  species'  range  where 
it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  52. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation    (from  left  to  right)   in  mature  forest  stands  in  the 
vicinity  of  Dillon  and  Lima.     The  horizontal  bars  designate  lower  and  upper  limits 
of  the  species.     That  portion  of  the  tree  species  '  range  where  it  is  considered 
climax  is  indicated  by  shading.      That  portion  of  the  undergrowth  species '  range 
where  it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  53. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation   (from  left  to  right)  in  mature  forest  stands  on 
limestone  substrates  in  the  Little  Belt  Mountains.      The  horizontal  bars  designate  lower 
and  upper  limits  of  the  species.      That  portion  of  the  tree  species'  range  where  it  is 
considered  climax  is  indicated  by  shading.     That  portion  of  the  undergrowth  species  ' 
rarjge  where  it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  54. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation   (from  left  to  right)  in  mature  forest  stands  on 
nonlimestone  substrates  in  the  Little  Belt  Mountains.     The  horizontal  bars  designate 
lower  and  upper  limits  of  the  species.     That  portion  of  the  tree  species'  range  where 
it  is  considered  climax  is  indicated  by  shading.     That  portion  of  the  undergrowth 
species  '  range  where  it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  55. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  elevation   (from  left  to  right)   in  mature  forest  stands  in  the 
Gallatin  and  Absaroka  Ranges.     The  horizontal  bars  designate   lower  and  upper  limits 
of  the  species.      That  portion  of  the  tree  species  '  range  where  it  is  considered 
climax  is  indicated  by  shading.      That  portion  of  the  undergrowth  species  '  range  where 
it  is  used  to  define  a  habitat  type  is  indicated  by  shading. 
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Figure  56. — Schematic  distribution  of  tree  and  key  undergrowth  species  usually  encoun- 
tered with  increasing  soil  moisture    (from  left  to  right)   in  mature  forest  stands 
near  Ashland.     The  horizontal  bars  designate   lower  and  upper  limits  of  the  species. 
That  portion  of  the  tree  species'  range  where  it  is  considered  climax  is  indicated 
by  shading.      That  portion  of  the  undergrowth  species  '  range  where  it  is  used  to 
define  a  habitat  type  is  indicated  by  shading. 


Relationship  to  Other  Habitat  Type  Classifications 

The  Montana  classification  was  developed  through  successive  steps  of  data  analysis 
and  field  testing;  two  preliminary  classifications  (1972,  1973)  and  a  review  draft  (1974) 
were  made  available  for  field  testing.   The  relationships  of  our  classification  to  R. 
and  J.  Daubenmire's  (1968)  classification  (which  had  been  extrapolated  to  Montana  prior 
to  this  study)  as  well  as  development  from  the  preliminary  classifications  are  illustrate 
in  figure  57.   This  figure  provides  a  means  of  translating  fieldwork  done  with  a  pre- 
liminary classification  to  the  current  habitat  type  designations,  and  of  comparing 
information  from  habitat  types  in  northern  Idaho. 

The  Montana  forest  classification  is  also  closely  related  to  concurrent  studies  in 
central  Idaho  and  the  Nezperce  National  Forest  (Robert  Steele  and  others  1975,  1976, 
preliminary  drafts,  USDA  Forest  Service,  Intermountain  Station)  as  well  as  northwestern 
Wyoming  and  adjacent  portions  of  Idaho  (Cooper  1975).   As  discussed  in  the  habitat  type 
writeups,  many  of  the  individual  types  are  related  to  types  or  communities  described  in 
a  number  of  other  studies  from  areas  outside  of  the  Northern  Rockies  (McLean  1970; 
Ogilvie  1963;  Reed  1969;  Pfister  1972a;  Thilenius  1972;  Hall  1973;  Hoffman  and  Alexander 
1976).   Forest  habitat  type  classifications  now  being  conducted  in  other  areas  will  be 
compared  with  ours  at  a  later  date. 
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Figure  57. — The  relationship  of  the  final  Montana  classification  to  preliminary  reports 
and  to  R.    and  J.    Daubenmire's    (1968)   stand  data. 
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USE  OF  THE  CLASSIFICATION 


Validation 

Our  objective  has  been  similar  to  that  of  R.  and  J.  Daubenmire  (1968) --that  is,  to 
develop  an  ecological  classification  of  forest  land  in  which  not  only  vegetation  but 
also  climate,  geography,  and  disturbance  factors  are  taken  into  account.   Vegetation 
characters  are  convenient  to  use  for  this  purpose,  and  the  natural  vegetation  that 
develops  over  a  long  period  of  time  without  disturbance  is  felt  to  reflect  the  overall 
environment.   It  acts  like  a  complex  environmental  monitoring  system.   R.  and  J.  Dauben- 
mire (1968)  stated  the  goal  of  such  ecological  classifications  as  follows:  "That  system 
.  .  .  closest  to  a  natural  one  that  allows  the  most  predictions  about  a  unit  from  a 
mere  knowledge  of  its  position  in  the  system." 

The  current  Montana  classification  culminates  4  years  of  intensive  research. 
Although  its  preliminary  drafts  have  had  the  benefit  of  3  years  of  testing  by  land 
managers,  further  refinement  is  always  possible. 

Use  of  Habitat  Types 

Layser  (1974)  and  Pfister  (1976)  have  outlined  potential  values  of  habitat  types 
in  resource  management.   Perhaps  the  most  important  overall  use  is  as  a  land  stratifi- 
cation system--designating  land  areas  with  similar  environments  or  biotic  potential-- 
thereby  providing  a  tool  for  cataloging  and  communicating  research  results,  administra- 
tive study  results,  accumulated  field  observations,  and  intuitive  evaluations.   The 
habitat  type  classification  is  presented  as  a  foundation  for  basing  predictions  of  re- 
sponse to  land  and  vegetation  management  activities.   However,  habitat  types  are  not  a 
panacea  for  decisionmaking  or  research  interpretations.   Rather,  habitat  types  will 
complement  information  on  current  (serai)  vegetation,  soils,  outdoor  recreation,  socio- 
economic conditions,  hydrology,  and  wildlife.   For  instance,  although  habitat  types  do 
not  include  a  description  of  young  serai  communities  which  would  be  useful  for  wildlife, 
range,  silviculture,  etc.,  this  classification  of  sites  and  mature  forest  communities 
does  provide  the  foundation  upon  which  successional  stages  can  be  studied  and  defined. 
Habitat  types  will  also  aid  more  intensive  land  management  and  land  use  planning. 

Some  of  the  current  and  potential  uses  of  habitat  types  include: 

1.  Timber  management--developing  seed  source  and  seed  transfer  rules,  serving  as 
a  stratification  for  tree  improvement  programs,  selecting  species  for  planting  (Pfister 
1972b) ,  comparing  natural  regeneration  (Shearer  1976)  ,  evaluating  cutting  and  regenera- 
tion methods,  and  assessing  relative  timber  productivity. 

2.  Range  and  wildlife  management  —  assessing  relative  forage  production,  comparing 
potential  values  for  domestic  grazing,  and  evaluating  summer  and  winter  use  by  big  game 
(Lyon  1975;  Mar cum  1975). 

3.  Watershed  management  —  estimating  relative  precipitation,  evapotranspiration, 
and  moisture-holding  characteristics. 
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4.  Recreation  —  assessing  suitability  for  various  types  of  recreational  use, 
evaluating  impacts  of  use  on  plant  communities  and  sites  (Helgath  1975;  Dale  1973), 
and  predicting  recovery  rates  following  disturbance. 

5.  Forest  protection  —  categorizing  fuel  buildup,  implementing  fuel  management, 
and  evaluating  the  natural  role  of  fire  including  frequency  and  intensity  of  burns 
(Aldrich  1973;  Arno  1976);  and  assessing  susceptibility  to  various  insects  and  diseases. 

6.  Natural  area  preservation—helping  to  insure  that  the  environmental  spectrum 
is  adequately  represented  in  research  natural  areas  (Schmidt  and  Dufour  1975) . 

Some  management  implications  are  discussed  in  the  descriptions  of  the  habitat  types 
in  this  report.   Additional  implications  can  be  developed  from  the  appendix  data.   Val- 
uable information  regarding  the  response  of  each  habitat  type  to  specific  treatments 
can  be  obtained  by  carefully  documenting  and  analyzing  field  observations.   Also,  field 
research  studies  in  many  functions  can  use  the  habitat  types  as  a  stratification  for 
designing  studies.   Study  results  can  then  be  reported  in  a  form  suitable  for  applica- 
tion on  appropriate  habitat  types. 

Mapping 

Habitat  type  maps  have  become  an  important  management  tool  in  the  Northern  Region 
of  the  USDA  Forest  Service  (Deitschman  1973;  Stage  and  Alley  1973;  Daubenmire  1973). 
They  provide  a  permanent  record  of  habitat  type  distribution  on  the  landscape  and  a 
basis  for  acreage  estimates  for  land-use  planning. 

Maps  may  be  made  at  various  scales  and  degrees  of  accuracy,  depending  upon  objec- 
tives.  For  research  studies,  project  planning,  etc.,  maps  should  be  accurate  and 
detailed;  each  phase  of  a  habitat  type  should  be  delineated,  especially  for  research 
studies.   The  map  scale  should  range  from  4  to  8  inches  per  mile.   At  a  broader  level 
of  planning  (multiple  use  planning  unit,  National  Forests,  etc.)  map  accuracy  and 
detail  may  decrease  and  mapping  efforts  may  be  extensive.   Habitat  types  are  often  the 
finest  subdivisions  shown,  and  map  scale  can  range  from  1  to  2  inches  per  mile. 

Still  broader  levels  of  mapping  may  be  required  for  regional  needs  (selection  of 
powerline  corridors,  State  or  regional  planning);  these  may  employ  scales  of  1/4  to 
1/2  inch  per  mile,  and  may  depict  only  habitat  type  groups  or  series.   These  should  be 
synthesized  from  large-scale  habitat  type  maps  whenever  the  latter  are  available. 

Selecting  a  mapping  approach  and  appropriate  scale  to  produce  an  acceptable  map 
must  be  based  on  the  following:  (1)  anticipated  use  of  the  map,  (2)  accuracy  level 
required,  (3)  availability  of  adequately  trained  personnel,  and  (4)  amount  of  time  and 
financial  support  available  to  achieve  the  specified  accuracy  level. 

At  scales  of  4  to  8  inches  per  mile,  the  habitat  types  or  phases  are  useful  as  the 
mapping  units,  accepting  inclusions  (up  to  15  percent)  of  other  types  too  small  to  map 
separately.   In  complex  topography  and  at  smaller  map  scales,  special  mapping  units 
must  be  developed,  which  may  be  called  complexes  or  mosaics.   Such  mapping-unit  com- 
plexes must  be  defined  for  each  area  being  mapped,  rather  than  on  a  preconceived 
grouping.   The  amount  and  relative  positions  of  habitat  types  and  phases  within  a 
complex  must  be  specified  because  the  management  interpretations  of  a  mapping  unit  are 
tied  to  the  taxonomic  units  —  series ,  habitat  type,  and  phase. 

Regardless  of  the  mapping  scale  used,  the  field  reconnaissance  should  identify 
stands  to  the  phase  level.   The  amount  and  location  of  field  reconnaissance  should  also 
be  specified  on  the  map  or  in  a  report  for  users  of  the  map.   Finally,  the  map  accuracy 
should  be  estimated  and  checked  to  maintain  quality  control  in  application  of  the 
habitat  type  classification. 
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Grouping 

Since  this  classification  system  for  potential  vegetation  is  hierarchical,  it  can 
be  used  at  various  levels  of  differentiation  for  various  purposes.   Field  data  (vegeta- 
tional  inventories)  for  determining  habitat  type  and  phase  should  be  collected  accur- 
ately and  recorded  for  future  reference- -for  instance,  using  a  checklist  (appendix  F)  . 
This  approach  is  only  slightly  more  time-consuming  than  taking  cruder  field  data.   It 
enhances  the  value  of  the  data  and  the  comprehension  of  the  investigator;  moreover,  it 
helps  provide  a  basis  of  professional  credibility  for  the  work.   Above  all,  it  provides 
flexibility  in  the  ultimate  use  of  the  data.   In  contrast,  if  habitat-type  groups  are 
assigned  in  the  field,  reevaluation  or  more  detailed  analysis  is  not  possible.  Without 
field  data,  the  probability  of  an  unsatisfactory  product  is  high. 

Relatively  few  habitat  types  and  phases  occur  in  a  given  forested  area.   Moreover, 
some  of  these  will  be  so  minor  in  extent  that  once  their  presence  is  documented  they 
need  not  enter  into  most  broad-scale  forest  management  considerations.   This  leaves  a 
relatively  small  number  of  habitat  types  to  be  identified  [and  mapped)  in  a  given  area. 
After  the  distributional  patterns  of  all  the  habitat  types  have  been  identified,  the 
types  can  be  grouped  in  logical  categories  to  facilitate  resource  planning  and  public 
presentations . 

Where  implications  for  management  are  similar,  it  may  be  desirable  to  consider  an 
entire  series  (e.g.,  Pinus  flexilis   series,  or  Abies   grandis   series)  as  one  group. 
Conversely,  where  management  considerations  contrast  strongly  even  at  the  phase  level 
(e.g.,  the  phases  of  PSME/CARU   h.t.),  it  may  be  desirable  to  split  a  habitat  type  in 
the  grouping  process. 

Below  is  one  example  of  a  grouping  made  on  the  basis  of  overall  ecological 
similarities  including  geographical  distributions: 

Pinus  flexilis   series 

PIPO/AND;  PIPO/AGSP;    PIPO/FEID;    PIPO/PUTR   h.t.s 

PIPO/SYALj  PIPO/PRVI   h.t.s 

PSME/AGSP;   PS  ME /FE ID;   PSME/FESC;   PSME/SYOR   h.t.s 

PSME/VACA;   PSME/CARU   h.t.,  ARUV   phase 

PSME/PHMA;   PSME/SYAL   h.t.,  SYAL   and  CARU   phases 

PSME/VAGL;   PSME/LIBO   h.t.s 

PSME/CARU   h.t.,  AGSP   and  PIPO   phases;  PSME/SYAL   h.t.,  AGSP   phase 

PSME/CARU   h.t.,  CARU   phase;  PS  ME /CAGE   h.t. 

PSME/SPBE;    PSME/ARUV   h.t.s 

PSME/JUCO;   PSME/ARCO   h.t.s 

PICEA/CLUN;   PICEA/VACA   h.t.s 

PICEA/PHMA;   PICEA/GATR;   PICEA/LIBO;   PICEA/SMST   h.t.s 

Abies  grandis   series 

THPL/CLUN;    TSHE/CLUN     h.t.s 

THPL/OPUO;   ABLA/OPHO;   PICEA/EQAR   h.t.s 

ABLA/CLUN;   ABLA/GATR;   ABLA/LIBO   h.t.s 

ABLA/VACA   h.t. 

ABLA/CACA   h.t. 

ABLA/MEFE;    TSME/MEFE;    ABLA/ALSI   h.t.s 

ABLA/XETE   h.t.,  VAGL   phase;  TSME/XETE;  ABLA/VAGL   h.t.s 

ABLA/XETE   h.t.,  VASC   phase;  ABLA/VASC   h.t.,  ABLA/CAGE   h.t.,  CAGE   phase 

ABLA/CARU;   ABLA/ARCO;   ABLA/CAGE   h.t.,  PSME   phase 

PICEA/SEST;   ABLA/CLPS   h.t.s 

ABLA/LUHI;   TSME/LUHI;  ABLA-PIAL/VASC;  ABLA/RIMO   h.t.s 

PIAL-ABLA;   LALY-ABLA;   PIAL   h.t.s 

Pinus  contovta   series 
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Other  bases  for  groupings  may  be  useful  for  various  specialists  in  resource  management. 
It  is  important  to  remember  that  such  groupings  (if  used  at  all)  should  be  made  after   a 
thorough  inventory  has  been  completed  at  the  habitat  type  or  phase  level.   Furthermore, 
every  group  should  include  a  record  of  the  relative  amounts  of  each  habitat  type  (and 
phase)  within  it;  this  will  serve  as  a  basis  for  general  statements  about  the  group. 
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APPENDIX  A 
Number  of  sample  plots  by  habitat  type,  phase,  and  National  Forest  in  Montana.   (c.t.  =  community  type) 


K  =  Kootenai  National  Forest 

F  =  Flathead  National  Forest  &  west-side  Glacier  N.P. 

WL  =  west  Lolo  National  Forest  (west  of  Missoula) 

EL  =  east  Lolo  National  Forest 

B  =  Bitterroot  National  Forest 

D  =  Dcerlodgc  National  Forest 

BHD  =  Beaverhead  National  Forest 


H  =  Helena  National  Forest 
WLC  ■  west  Lewis  and  Clark  National  Forest 

and  east-side  Glacier  N.P. 
ELC  =  east  Lewis  and  Clark  National  Forest 
(east  of  Choteau) 
G  =  Gallatin  National  Forest  and  northern 

Yellowstone  N.P. 
C  =  Custer  National  Forest 


HABITAT  TYPE/PHASE 


NATIONAL  FOREST  VICINITY 


SCREE 
PINUS  FLEXILIS  SERIES 


PIFL/AGSP 

PIFL/FEID, 

/FEID, 

PIFL/JUCO 

PINUS  PONDEROSA 

FEID 
FESC 

SERIES 

1 

1 
2 

1 

2 
2 
2 

1 
1 
1 

1 

1 
1 

1 

1 
1 

4 

6 

7 
4 
7 
24 

P IPO/ AND 

PIPO/AGSP 

PIPO/FEID, 

FEID 

5 
1 

4 
2 

2 
6 

1 
1 

1 

1 
8 
4 

1 
21 
14 

/FEID, 

PIPO/PUTR, 

/PUTR, 

FESC 
AGSP 
FEID 

1 
2 

1 

4 

1 

3 
1 
1 

2 
2 
1 

5 
1 
2 

16 

4 
7 

PIPO/SYAL, 
/SYAL, 

PIPO/PRVI, 
/PRVI, 

SYAL 
BERE 
PRVI 
SHCA 
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3 

2 
2 

2 
1 
6 
2 

8 
3 
6 
2 
82 

PSEUDOTSUGA  MENZIESII  SERIES 

PSME/AGSP 
PSME/FEID 
PSME/FESC 

1 
2 

1 
3 

2 

1 

4 
3 

12 

3 
6 

2 

1 
2 

1 
1 

13 
19 
13 

PSME/VACA 

PSME/PHMA, 

/PUMA, 

PHMA 
CARU 

8 
2 

2 

4 

5 
9 
2 

S 
10 

2 

2 
7 
4 

1 
3 

2 
3 

2 

4 

27 

4S 

8 

PSME/VAGL, 
/VAGL, 
/VAGL, 

VAGL 
ARUV 
XETE 

1 

1 
1 

1 
4 
5 

4 
2 
3 

3 
7 

3 

1 

2 

1 

13 
9 
18 

PSME/LIBO, 
/LIBO, 
/LIBO, 

SYAL 
CARU 
VAGL 

2 
1 

1 

1 
3 

4 
2 
2 

1 
2 

2 

1 

1 
2 

1 
2 

1 

9 
12 
9 

PSME/SYAL, 
/SYAL, 
/SYAL, 

AGSP 
CARU 
SYAL 

2 

1 
6 

1 

1 

1 

1 
6 
2 

4 

10 
2 

1 

3 
2 

2 

4 
3 

3 

1 
2 

6 
3 

9 
40 
18 

PSME/CARU, 
/CARU, 
/CARU, 
/CARU, 

AGSP 
ARUV 
CARU 
PIPO 

2 
2 
2 
1 

1 

1 

2 
2 

2 

2 

11 

1 

3 
S 
5 
7 

11 

9 

2 

12 
2 

3 
1 

7 

10 
11 
62 

14 

PSME/CAGE 
PSME/SPBE 
PSME/ARUV 

1 

1 

3 

2 

1 

2 
2 
3 

4 

2 

1 
4 

1 

1 
1 

10 

11 

8 

PSME/JUCO 
PSME/ARCO 
PSME/SYOR 

5 
2 

2 
5 

1 

4 

6 
2 

14 

13 

1_ 

PICEA  SERIES 

416 

PICEA/EQAR 

PICEA/CLUN 

/CLUN 

VACA 
CLUN 

1 
S 

3 

7 

11 

1 

2 

1 

9 
8 
16 

PICEA/PHMA 
PICEA/GATR 
PICEA/VACA 

. 

4 

1 

1 

1 

1 

6 
9 

6 
15 
5 

PICEA/SEST 
PICEA/SEST 
PICEA/LIBO 
PICEA/SMST 

PSME 
PICEA 

2 

2 

2 

1 

3 

1 

2 
S 
S 

11 
3 

1 

5 
S 

21 

10 

100 

(con. ) 
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APPENDIX  A  (con.) 


HABITAT  TYPE/PHASE 


NATIONAL  FOREST  VICINITY 


D   :   BHD  :  H 


ELC  :  G   :  C 


ABIES  GRANDIS  SERIES 


ABGR/XETE 
ABGR/CLUN,  CLUN 
/CLUN,  ARNU 


/CLUN,  XETE 

ABGR/LIBO,  LIBO 

/LI BO,  XETE 


THUJA  PLICATA  SERIES 


THPL/CLUN, 

CLUN 

3 

/CLUN, 

ARNU 

/CLUN, 

MEFE 

1 

THPL/OPHO 

3 

IS 
9 
7 
11 
42 


TSUCA  HETFROPHYLLA  SERIES 


TSHE/CLUN,  CLUN 
/CLUN,  ARNU 


ABIES  LASIOCARPA  SERIES 


Lower  subalpine 

h.t.s 

ABLA/OPHO 

3 

4 

ABLA/CLUN, 

CLUN 

10 

4 

6 

4 

3 

32 

/CLUN, 

ARNU 

12 

2 

2 

2 

18 

/CLUN, 

VACA 

8 

1 

1 

10 

/CLUN, 

XETE 

8 

7 

4 

1 

21 

/CLUN, 

MEFE 

6 

6 

S 

2 

2 

22 

ABLA/GATR 

2 

1 

4 

2 

4 

4 

2 

15 

34 

ABLA/VACA 

1 

2 

4 

3 

10 

ABLA/CACA, 

CACA 

6 

2 

8 

1 

5 

1 

23 

/CACA, 

GATR 

1 

2 

1 

1 

5 

/CACA, 

VACA 

3 

2 

1 

1 

7 

ABLA/LIBO, 

LIBO 

1 

2 

3 

5 

1 

4 

2 

2 

20 

/LIBO, 

XETE 

4 

2 

4 

3 

13 

/LIBO, 

VASC 

1 

1 

3 

4 

1 

1 

3 

2 

17 

ABLA/MEFE 

5 

IS 

14 

14 

4 

2 

2 

5 

1 

64 

TSME/MEFE 

8 

1 

10 

ABLA/XETE, 

VAGL 

6 

11 

4 

11 

1 

3 

40 

/XETE, 

VASC 

1 

1 

4 

4 

4 

1 

2 

3 

21 

TSME/XETE 

7 

9 

ABLA/VAGL 

1 

1 

3 

4 

1 

9 

2 

21 

ABLA/VASC, 

CARU 

1 

2 

1 

1 

4 

1 

10 

/VASC , 

VASC 

3 

1 

4 

3 

4 

1 

17 

/VASC, 

THOC 

2 

3 

1 

4 

10 

ABLA/ALSI 

1 

1 

1 

2 

6 

ABLA/CARU 

2 

1 

4 

8 

ABLA/CLPS 

1 

1 

6 

6 

15 

ABLA/ARCO 

15 

8 

24 

ABLA/CAGE, 

CAGE 

2 

1 

3 

/CAGE, 

PSME 

1 

2 

3 

6 

Upper  subalpine 

h.t.s 

ABLA/RIMO 

3 

3 

6 

ABLA-PIAL/VASC 

3 

4 

12 

2 

3 

7 

10 

3 

44 

ABLA/LUHI, 

VASC 

1 

3 

1 

3 

11 

3 

2 

1 

4 

29 

/LUHI, 

MEFE 

9 

5 

4 

3 

2 

1 

24 

TSME/LUHI, 

VASC 

2 

2 

/LUHI, 

MEFE 

1 

1 

2 

Timberline  h.t. 

s 

PIAL-ABLA 

h.t.s 

2 

1 

1 

S 

1 

6 

3 

3 

1 

6 

1 

30 

LALY-ABLA 

h.t.s 

2 

3 

25 

3 

2 

1 

36 

PIAL  h.t.s 

4 

2 

2 

1 

9 

PINUS  CONTORTA  SERIES 


PICO/PUTR  h.t. 
PICO/VACA  c.t. 
PICO/LIBO  c.t. 

PICO/VASC  c.t. 
PICO/CARU  c.t. 


UNCLASSIFIED  STANDS 

(ecotonal ,  depauperate, 
or  unusual  communities) 


Total  Number  of  Plots* 


Thirty-five  of  the  Pinue  contorta   community  type  plots  were  also  listed  under  the  corresponding  Pseudotsuga,   Piaea, 
or  Abies  laeiocarpa   h.t.s.  These  35  were  not  counted  twice  in  the  "total  number  of  plots"  columns. 
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APPENDIX  B 
Distribution  of  tree  species  in  Montana  habitat  types  showing  their  dynamic  status  as  interpreted  from  sample  stand  data 


C  =  major  climax  species 
S  =  major  serai 
a  =  accidentals 


c  =  minor  climax  species 
s  =  minor  serai 
(  )  =  in  certain  areas  of  the  type 


HABITAT              :                  ::::::                ::::::::: 
TYPE/PHASE             :      JUSC      :    PIFL    :   PIPO    :    PSME    :    PICO    :    LAOC    :    PICEA    :   ABGR    :    PIMO    :  THPL    :   TSHE    :  ABU    :   TSME    :    PIAL    :    LALY    :    BEPA 

SCREE                                                (C)           (C)            C              a 

(c) 

Cc) 

(c) 

PIPL/AGSP                     (C)               C             (c)            a 
PIFL/FEID,    FEID        (c)              C              a              C              a 
/FEID.    FESC                           C              a              C              a 
PIFL/JUCO                     a               C             a             c             a 

i 

a 

(c) 

PIPO/AND                         c                 .               C               . 
PIPO/AGSP                    (c)              a             C             a 
PIPO/FEID,    FEID         a               a             C             a 

/FEID,    FESC          a                a              C              a 

PIPO/PUTR,    AGSP          a                                C              a 

/PUTR.    FEID        (c)               .               C              a 

PIPO/SYAL,    SYAL          a                 a              C              a 
/SYAL.    BERE          a                 a              C              a 

PIPO/PRVI.    PRVI                            .               C               . 
/PRVI.    SHCA          a                 .               C 

PSME/AGSP                     (c)             Cc)            C              C 
PSME/FEID                     a               a             a             C 
PSME/FESC                       a               (c)            C              C 

PSME/VACA 
PSME/PHMA,    PHMA 
/PHMA,    CARU 

CS)            C              S             (S) 

a             (s)            C             (s)           (s) 

S             C             a             a 

i 

a 

a 

PSME/VAGL,    VAGL 
/VAGL,    ARUV 
/VAGL,    XETE 

(s)             C              S             (s) 
S              C             (s)           (s) 
(s)             C              S             (S) 

i 

a 
a 

a 
a 

a 
a 

PSME/ LI BO,    SYAL 
/LIBO,    CARU 
/LIBO,    VAGL 

(s)             C             (s)           (S) 
(s)             C             (S)           (S) 
(s)             C              S             (s) 

a 

a 

PSME/SYAL,    AGSP 
/SYAL,    CARU 
/SYAL,    SYAL 

a             S             C              .              . 

(S)           C           (s)           a            < 
a            (S)           C            (s) 

l 

a 

PSME/CARU,    AGSP 
/CARU,    ARUV 
/CARU,    CARU 
/CARU,    PIPO 

S              C               .               . 
S              C              s             (s) 
a              C             (S)           (s) 
S              C               .               . 

a 

a 

PSME/CAGE 
PSME/SPBE 
PSME/ARUV 

a             (s)            C              a 

a            (S)           C             a             a 

s             S             C             a              . 

a 

Cc) 

PSME/JUCO 
PSME/ARCO 
PSME/SYOR                      i 

(s)            a              C              S 

(s)             a              C              a 

:)             (c)             .               C               .               . 

a 

a 

PICEA/EQAR 
PICEA/CLUN,    VACA 
/CLUN,    CLUN 

a             a              .              C 
(s)            S             S             S             C 
(s)             S             CS)             S              C 

i 

a 
a 

a 

(s) 
CS) 

PICEA/PHMA 
PICEA/GATR 
PICEA/VACA 

S             (S)             .               C 
(s)             S              S               .               C 
(s)             S              S              S              C 

(c) 

a 
a 

PICEA/SEST,    PSME 

/SEST,    PICEA 
PICEA/'LIBO 
PICEA/ SMST 

S               .               .               C 

a              .              .              C 

a             S             S              .              C 

(s)            S             S              .              C 

a 
a 
a 
a 

a 

a 
a 

ABGR/XETE 
ABGR/CLUN,   CLUN 
/CLUN,    ARNU 

sSSSa               Caa 
(s)            S            (s)          (s)          (s)              C            (s)            a 
a              S              a              S              S                C             (s)             a 

a 

(c) 
i             a 

/CLUN,    XETE 

ABGR/LIBO,    LIBO 

/LIBO,    XETE 

aSsS(S)Csaa 
(S)            S              s              S              a                 C               .               .               .               a 
(s)             S              s              s              a                 C               .               .               .               . 

a 
a 

THPL/CLUN,   CLUN 
/CLUN,    ARNU 
/CLUN,   MEFE 

THPL/OPHO 

a              S            (s)             S              S               (c)           (s)            C              a             (c) 
S              a              S             (S)             (c)           fs)            C             (c)           (s) 
S              S              S              S                 a             (s)             C               .               c 
s              .              a             s              (s)            a            (C)          (C)          (c) 

(s) 
(s) 

Cs) 

TSHE/CLUN,    CLUN 
/CLUN,   ARNU 

a              S             (s)             S              s               (s)             S               c              C             (c) 
a            (s)            a             S            (S)            (c)            .              c             C            (c) 

(s) 
(s) 

ABLA/OPHO 
ABLA/CLUN,    CLUN 
/CLUN,    ARNU 

s              .              s             S                .              s 

(s)             S             (S)             S              S               (s)           (s) 
a              s             (s)            S              S               (s)           CS) 

a             C 

i              a              C 

a             C 

a 

a 
CS) 

/CLUN,   VACA 
/CLUN,    XETE 
/CLUN,    MEFE 

(s)            S             S             s              s               a             a 
S              S              S              S                 a             (s) 
S              s              s              S               (C)           (s) 

C 
a             C            ( 
i             a             C            ( 

a 

.)             a 
0            a 

ABLA/GATR 
ABLA/VACA 

a             S             S            (s)            S 
(s)            S             a            (c) 

C 

c 

a 

ABLA/CACA,    CACA 
/CACA.    GATR 
/CACA,    VACA 

S              .              S 
s              .              S 

a             S              .              s 

C 
C 

c 

ts) 
a 

ABLA/LIBO,    LIBO 
/LIBO,    XETE 
/LIBO,    VASC 

i            ( 

0  S             S            (S)           S               a 

1  S              S              S              s                 a             ( 
s             S             a             s 

0 

c 
c 
c 

a 
a 

ABLA/MEFE 
TSME/MEFE 
ABLA/XETE,    VAGL 

( 

(S)             S             (s)            S 

(s)             s              s               s 

OSS            (s)            s 

i             a 

(s) 

i            (s) 

C             a            (s) 
C              C             (s) 
C             a            (s) 

/XETE,    VASC 
TSME/XETE 
ABLA/VAGL 

(s)            S 
(s)            S            ( 
S              S 

s 
i)                 S 

s 

i           C 

0 

C 
C 

c 

i           Cs) 

:          (s) 

(s) 

ABLA/VASC,    CARU 
/VASC,    VASC 
/VASC,    THOC 

S            s 
a              S 
a              S 

s 
(s) 

s 

c 
c 
c 

a 
s 

a 

ABLA/ALSI 
ABLA/CARU 
ABLA/CLPS 

(S)             S 
S              S 
S             (s) 

s 

s 
S 

c 
c 
c 

(s) 
a 

CS) 

ABLA/ARCO 
ABLA/CACE,    CAGE 
/CAGE,    PSME 

s          s 

a            (S) 
S            a 

S 
a 

a 

c 
c 
c 

(s) 
(s) 

ABU/RIMO 
ABLA-PIAL/VASC 
ABU/LUH1.VASC 
/LUH1.MEFE 

(S) 
(s) 
a 

CS) 
s 
s 
s 

c 
c 
c 
c 

CS) 
S 
S 
s             « 

) 

TSME/LUHI,    VASC 
/LUHI,    MEFE 

(s) 
a 

5 

5 

C             C             s 

(C)            C              a 

PIAL-ABLA  h.t.5 
LALY-ABLA  h.t.s 
PIAL  h.t.s 

l 

L 

. 

i 

(C) 

(c) 
a 

CC)             .             CC) 
CC)             .             (C)           (( 
a               .               C 

) 
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APPENDIX  C-l 
Constancy*  and  average  canopy  coverage  percent  (the  latter  in  parentheses)  of  important  plants 


{See  instructions  for  use  on  page  126) 
Montana  forest  habitat  types  and  phases 


No. 

of  Stands 

"SCREE" 

PINUS  FLEXIUS  SERIES 

PINUS  PONDEROSA  SERIES 

16 

AGSP 

FEID  h.t. 

JUCO 
h.t. 

AGSP 
h.t. 

:i 

FEID  h.t. 

PUTR  h.t. 

SYAL  h.t. 

PRVI 
h.t. 
PRVI 
phase 

Ft  ID 
phase 

FESC 
phase 

FEID 
phase 

14 

FESC 
phase 

AGSP 
phase 

FEID 
phase 

SIM 
phase 

BERE 
phase 

TREES 

Juniperus  scopulorum 
Pinus  flexilis 
Pinus  ponderosa 
Fraxinus  pennsylvanica 
Pseudotsuga  meniiesii 
Pinus  contorta 
Larix  occidentalis 
Pinus  monticola 
Picea  glauca 
Picea  engelmannii 
Betula  papyrifera 
Abies  grandis 
Thuja  plicata 
Tsuga  heterophylla 
Abies  lasiocarpa 
Tsuga  mertensiana 
Pinus  albicaulis 
Larix  lyallii 

SHRUBS  AND  SUBSHRUBS 
Alnus  sinuata 
Amelanchier  alnifolia 
Artemisia  tridentata 
Holodiscus  discolor 
Juniperus  communis 
Juniperus  horizontalis 
Ledum  glandulosum 
Menziesia  ferruginea 
Oplopanax  horridum 
Pachistima  myrsinites 
Phyllodoce  empetriformis 
Physocarpus  malvaceus 
Prunus  virginiana 
Purshia  tridentata 
Ribes  lacustre 
Ribes  montigenum 
Rubus  parviflorus 
Shepherdia  canadensis 
Spiraea  betulifolia 
Symphoricarpos  albus 
Taxus  brevifol ia 
Vaccinium  caespitosum 
Vaccinium  globulare 
Vaccinium  myrtillus 
Vaccinium  scoparium 
Arctostaphylos  uva-ursi 
Berberis  repens 
Linnaea  boreal  is 

FERNS  AND  FERN  ALLIES 
Athyrium  filix-femina 
Equisetum  arvense 
Gymnocarpium  dryopteris 

GRAMINOIDS 
Agrostis  scabra 
Agropyron  spicatum 
Calamagrostis  canadensis 
Calamagrostis  rubescens 
Carex  geyeri 
Festuca  idahoensis 
Festuca  scabrella 
Hesperochloa  kingii 
Luzula  hitchcockii 
Oryzopsis  asperifolia 
Schizachoe  purpurascens 

F0RB5 

Actaea  rubra 
Adenocaulon  bicolor 
Aralia  nudicaulis 
Arnica  cordifolia 
Arnica  latifolia 
Balsamorhiza  sagittata 
Clematis  pseudoalpina 
Clematis  tenuiloba 
Clintonia  uniflora 
Coptis  occidentalis 
Cornus  canadensis 
Disporum  trachycarpum 


boi 


Lflo 


Gali 
Gali 

Geranium  richardsonii 
Hieracium  graci le 
Osmorhiza  chilensis 
Pyrola  asarifolia 
Pyrola  secunda 
Pyrola  uniflora 
Senecio  streptanthifoliu 
Senecio  triangularis 
Smilacina  racemosa 
Smilacina  stellata 
Streptopus  amplexifolius 
Thalictrum  occidentalc 
Tiarella  trifoliata 
Troll ius  laxus 
Valeriana  sitchensis 
Veratrum  viride 
Viola  canadensis 
Viola  orbiculata 
Xerophyllum  tenax 


(  3)     4 

1)     3 

3)    4 

14)     3 

1) 

3(  1) 

(  1)     1 

1) 

0) 

0)     1 

3) 

3(  1) 

(59)    10 

S9)   10 

38)     9 

46)    10 

56) 

10(S4) 

10( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

7( 

(  0)     4 

1)    3 

0) 

0)    s 

0) 

3(  1) 

(  0) 

0) 

0) 

0)    1 

0) 

•(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

•(  0) 

C  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

•(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

"( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  1)     6 

2)     S 

5)     4 

1)     6 

4) 

U   1) 

10( 

t  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  1)      1 

1) 

0) 

0)     1 

3) 

10(  5) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

t  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0)     1 

IS)    3 

3) 

0) 

0) 

-(  0) 

(  1)     3 

2)    5 

1)    3 

26)     6 

1) 

10(  1) 

10(. 

(  1)    3 

1)    10 

26)   10 

28)     1 

1) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

•(  0) 

-( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0)    1 

3) 

0) 

0)    1 

11 

3(  3) 

(  1)    1 

2) 

0)    1 

3)     1 

3) 

7(1S) 

(  1)     4 

4)    5 

2) 

0)    10 

47) 

10(18) 

10(1 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0)     1 

2) 

0)     1 

1) 

0) 

3(  1) 

2( 

(  6) 

0)    3 

1) 

0)     4 

1) 

10(  7) 

10(2 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

"C 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

.( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

10( 

(  8)     9 

20'    10 

IS)     7 

28)     8 

12) 

3(  3) 

2( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  1) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  1)     1 

1) 

0) 

0)     1 

IS) 

-(  0) 

(21)    9 

12)    8 

1)      7 

23)    6 

18) 

7(  1) 

7( 

(  I)   10 

18) 

0)     9 

16)     3 

1) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

7(  0) 

8( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0)    1 

3) 

-(  0) 

10(1 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(19)    9 

8)   10 

1)   ^ 

11)     8 

8) 

10(  1) 

S( 

(  0)    1 

1) 

0) 

0)     1 

0) 

7(  2) 

(  0) 

0) 

0) 

0)     1 

0) 

3(  1) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

*■( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  0) 

0) 

0) 

0)    1 

1) 

3(  1) 

10( 

(  0)     1 

2) 

0) 

0)     4 

1) 

10(  1) 

10( 

(  0)     1 

1) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0)     1 

1) 

7(  2) 

2( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

•(  0) 

(  1) 

0)    2 

1) 

0) 

0) 

3(  1) 

3( 

(  0) 

0) 

0) 

0)    1 

1) 

7(  1) 

3( 

(  0) 

0) 

0) 

0) 

0) 

•(  0) 

-( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

3( 

(  0) 

0) 

0) 

0) 

0) 

•(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

-( 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

2( 

(  0) 

0) 

0) 

0) 

0) 

•(  0) 

(  0) 

0) 

0) 

0) 

0) 

-(  0) 

•Code  to  cons 


0-5%.    1    .    5-15%,    2   =    15-25%,    3   =   25-35%,    4    • 
85-95%,    10  ■  95-100% 


35-45%.    5  •  45-55%,   6  =   55-65%,    7  =  6S-7S%,    8  =    75-85%. 
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APPENDIX  C-l  Icon.) 

(Sec  instructions  for  use  on  page  126) 

Constancy"  and  average  canopy  coverage  percent  (the  latter  in  parentheses)  of  important  plants  in  Honi  i vpes  and  phases 


• 

of  Stands 

PSEIIDOTSUCA  HLNIIESII  SERIES 

■I 

AGSP 

h.t. 

13 

FEID 
19 

FESC 
13 

VACA 

h.t. 

PHMA  h.t. 

VAGL  h  t 

LIBO  h.t. 

S1AL  h.t. 

PHMA 

phase 

CARU 
phase 

VAGL 
phase 

ARUV 
phase 

XETE 
phase 

18 

S1AL 
phase 

CARU 
phase 

12 

VAGL 
phase 

AGSP 

CARU 

phase 

40 

SYAL 
phase 

18 

TREES 

Juni  scop 

7(  7) 

6(  2) 

3(  1) 

♦(  1) 

2(  4) 

K  3) 

-(  0) 

-(  0) 

-(  0) 

U  1) 

1(  1) 

-(  0) 

2(  1) 

2(  7) 

2(  5) 

Pinu  flex 

3(  S) 

2(  0) 

2(  8) 

-(  0) 

1(21) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

1(15) 

•(  0) 

3(  3) 

Pinu  pond 

8(28) 

2(  0) 

8(26) 

7(31) 

6(  8) 

10(28) 

2(  3) 

10(29) 

3(  3) 

4(10) 

3(  8) 

6(14) 

8(24) 

6(27) 

3(61) 

Frax  penn 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Pseu  men: 

10(34) 

10(53) 

10(3S) 

10(23) 

10(58) 

10(32) 

10(35) 

10(30) 

10(46) 

10(62) 

10(41) 

10(42) 

10(41) 

10(50) 

9(55) 

Pinu  cont 

-(  0) 

-(  0) 

K  0) 

8(29) 

2(  7) 

3(  2) 

9(37) 

2(  9) 

9(27) 

K  3) 

7(30) 

9(17) 

-(  0) 

3(16) 

2(13) 

Lari  occi 

-(  0) 

-(  0) 

-(  0) 

7(12) 

2(  8) 

3(  0) 

S(  4) 

6(  4) 

3(20) 

4(18) 

3(31) 

6(11) 

-(  0) 

l(  4) 

-(  0) 

Pinu  mont 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

♦(  3) 

-(  0) 

Pice  glau 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

2(  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-I  0) 

Pice  cnge 

-(  0) 

•I  0) 

+(  0) 

K  2) 

-(  0) 

-(  0) 

K  3) 

-(  0) 

-(  0) 

-(  0) 

3(  0) 

K  1) 

-(  0) 

II  -') 

K  0) 

Betu  papy 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

♦(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Abie  gran 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

1(  0) 

l(  0) 

H  3) 

H  3) 

-(  0) 

K  3) 

K  1) 

-(  0) 

•(  1) 

-(  0) 

Thu)  pile 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Tsug  hetc 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Abie  lasi 

•(  0) 

-(  0) 

K  1) 

2(  1) 

♦(  0) 

-(  0) 

2(  1) 

K  1) 

5(  0) 

K  1) 

4(  1) 

6(  0) 

-(  0) 

♦(  0) 

1(  1) 

Tsug  mert 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

2(  5) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Pinu  albi 

-(  0) 

K  0) 

•(  0) 

K  2) 

.(  0) 

-(  0) 

-(  0) 

-(  0) 

2(  2) 

H  1) 

-(  0) 

-(  0) 

-(  0) 

1(  0) 

2(  1) 

Lari  lyal 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  3) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

SHRUBS  AND  SUBSHRUBS 

Ainu  sinu 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  3) 

-(  0) 

K  1) 

-(  0) 

2(  3) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Amel  alni 

3(  4) 

1(  0) 

7(  3) 

8(  4) 

7(  5) 

8(  3) 

6(  1) 

8(  1) 

4(  6) 

9(  S) 

4(  3) 

8(  1) 

9(  4) 

7(  6) 

4(  3) 

Arte  trid 

I(  0) 

6(  S) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

Holo  disc 

-(  0) 

-(  0) 

-(  0) 

1(20) 

2(18) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

2(  8) 

K  2) 

K  1) 

Juni  comm 

21  2) 

2(  1) 

3(  1) 

2(  1) 

K  4) 

-(  0) 

4(  7) 

H  1) 

K  1) 

K  3) 

S(  7) 

It  3) 

-(  0) 

3(  6) 

6(  6) 

Juni  hori 

-(  0) 

1(1S) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-t  0) 

-(  0) 

-(  0) 

2(  6) 

Ledu  glan 

-(  0) 

-(  0) 

-(  0) 

♦(37) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Mem  ferr 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

Oplo  borr 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Pach  myrs 

-(  0) 

-(  0) 

-(  0) 

H  3) 

K  1) 

-(  0) 

3(  4) 

K  1) 

4(  6) 

1(  1) 

K  1) 

-(  0) 

-(  0) 

K  2) 

-(  0) 

Phyl  empc 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Phys  malv 

-(  0) 

-(  0) 

-(  0) 

♦(  1) 

9(51) 

10(21) 

2(  1) 

K  1) 

K  1) 

2(  2) 

3(  3) 

3(  2) 

2(  3) 

K  2) 

K  3) 

Prun  virg 

2(  2) 

K  1) 

S(  2) 

-(  0) 

2(  4) 

3(  3) 

-(  0) 

-(  0) 

K  1) 

-(  0) 

U  3) 

-(  0) 

2(  2) 

4(  3) 

6(  3) 

Purs  trid 

3(  0) 

H  3) 

2(43) 

1(23) 

K  1) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

1(13) 

K  1) 

Ribe  lacu 

-(  0) 

K  1) 

5(  2) 

-(  0) 

K  1) 

31  -) 

K  1) 

-(  0) 

-(  0) 

2(  2) 

3(  1) 

-(  0) 

-(  0) 

4(  3) 

6(  3) 

Ribe  mont 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Rubu  parv 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  2) 

-(  0) 

5(  1) 

-Co) 

K  0) 

2(  1) 

3(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Shep  cana 

3(  1) 

-(  0} 

K  1) 

4(  3) 

2(  1) 

3(  2) 

S(  1) 

2(  2) 

K  3) 

4(  1) 

3(  1) 

8(  1) 

2(  1) 

2(  4) 

4(  1) 

Spir  betu 

K  3) 

-(  0) 

2(  1) 

8(14) 

8(  5) 

9(  6) 

9(13) 

9(  9) 

9(  4) 

10(11) 

8(  3) 

10(  7) 

3(  7) 

8(11) 

7(18) 

Syrap  albu 

Si  3) 

1(  1) 

2(  0) 

6(10) 

90S) 

9(  6) 

2(  3) 

4(  2) 

2(  2) 

10(28) 

S(  3) 

2(  2) 

10(20) 

10(34) 

10(20) 

Taxu  brev 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Vacc  caes 

-(  0) 

-(  0) 

-(  0) 

10(14) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-C  0) 

-(  0) 

Vacc  glob 

-(  0) 

-(  0) 

-(  0) 

2(12) 

1(10) 

K  1) 

10(29) 

10(36) 

8(37) 

4(  1) 

3(  1) 

10(28) 

-(  0) 

-(  0) 

It  3) 

Vacc  myrt 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

2(  8) 

K  3) 

-(  0) 

-(  0) 

-(  0) 

Vacc  scop 

-(  0) 

-(  0) 

-(  0) 

K  5) 

-(  0) 

-(  0) 

4(28) 

21  0) 

2(3S) 

-(  0) 

4(41) 

6(  9) 

-(  0) 

-(  0) 

K  1) 

Arct  uva- 

H  1) 

-(  0) 

K  1) 

8(36) 

2(  3) 

8(19) 

K  1) 

10(25) 

K  1) 

6(  9) 

5(14) 

7(22) 

3(  1) 

3(  3) 

4(10) 

Berb  repe 

2(  1) 

1(  1) 

3(  S) 

9(  3) 

8!  2) 

S(  1) 

7(  2) 

9(  2) 

6(  2) 

10(  5) 

6(  3) 

9(  1) 

7(  1) 

9(  4) 

9(  3) 

Linn  bore 

-(  0) 

-(  0) 

-(  0) 

5(15) 

3(  8) 

K  1) 

2(  1) 

-(  0) 

1(15) 

10(20) 

10(26) 

10(15) 

-(  0) 

-(  0) 

K  0) 

FERNS  AND  FERN 

ALLIES 

Athy  fili 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Equi  arve 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

♦(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Gymn  dryo 

-(  0) 

■(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

GRAM1NOIDS 

Agro  scab 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

1(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

♦(  1) 

-(  0) 

Agro  spic 

10(2S) 

8(15) 

9(19) 

-(  0) 

21  3) 

5(  4) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

8(16) 

3(  5) 

4(  1) 

Cala  cana 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

■(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Cala  rube 

•(  0) 

2(  1) 

3(  2) 

10(30) 

8(20) 

10(20) 

9(12) 

10(20) 

10(24) 

10(18) 

10(30) 

10(33) 

4(29) 

10(26) 

7(  2) 

Care  geye 

2(  1) 

2(  6) 

2(  6) 

6(15) 

5(  8) 

10(11) 

7(  7) 

9(  7) 

6(  5) 

7(  4) 

6(  3) 

3(  6) 

4(  8) 

8(12) 

6(  1) 

Fest  ldah 

S(  1) 

10(12) 

8(21) 

*(  1) 

H  1) 

4(  1) 

-(  0) 

11  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

7(  5) 

2(  1) 

2(  1) 

Fest  scab 

2(  1) 

-(  0) 

10(20) 

3(  1) 

•(  3) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

-(  0) 

4(11) 

K  !) 

2(  1) 

Hesp  king 

1(  1) 

2(  1) 

K  1) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Luiu  hitc 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Oryt  aspe 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Schi  purp 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

FORBS 

Acta  rubr 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

H  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Aden  bico 

-(  0) 

-(  0) 

-(  0) 

K  1) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  8) 

-(  0) 

Aral  nudi 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

1(37) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Ami  cord 

1(  1) 

3(  1) 

4(  4) 

6(  4) 

8(  8) 

S(  2) 

6(  9) 

9(  9) 

6(  S) 

8(18) 

7(10) 

6(1S) 

6(  7) 

7(  8) 

4(  3) 

Ami  lati 

-(  0) 

•(  0) 

K  1) 

•(  3) 

•(  1) 

-(  0) 

4(27) 

K  3) 

2(  2) 

2(  2) 

5(14) 

6(19) 

-(  0) 

K  1) 

1(  1) 

Bals  sagi 

7(21) 

3(10) 

8(13) 

H  5) 

K  1) 

5(  4) 

K  3) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

6(1S) 

4(  1) 

4(  1) 

Clem  pseu 

-(  0) 

-(  0) 

-(  0) 

♦(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  3) 

2(  3) 

-(  0) 

-(  0) 

-(  0) 

1(  3) 

Clem  tenu 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Clin  unif 

-(  0) 

•(  0) 

-(  0) 

•(  1) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Copt  occi 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

♦(  0) 

-(  0) 

-(  0) 

-(  0) 

K  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Corn  cana 

-(  0) 

-(  0) 

-(  0) 

*(  3) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Disp  trac 

-(  0) 

K  1) 

K  1) 

K  1) 

7(  2) 

3(  1) 

3(  1) 

-(  0) 

K  1) 

4(  2) 

3(  1) 

1(  1) 

1(  1) 

4(  1) 

6(  4) 

Gali  bore 

3(  1) 

2(  1) 

M  3) 

31  1) 

2(  1) 

-(  0) 

2t  1) 

•(  0) 

-(  0) 

4(  1) 

4(  1) 

-(  0) 

K  1) 

3(  0) 

4(  1) 

Gali  trif 

-(  0) 

-(  0) 

-(  0) 

K  1) 

K  1) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

K  3) 

K  0) 

1(  1) 

-(  0) 

K  1) 

2(  1) 

Gera  rich 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Hier  grac 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Osmo  chil 

K  1) 

K  1) 

K  1) 

2(  1) 

4(  1) 

U  1) 

5(  1) 

1(  1) 

4(  1) 

8(  3) 

3(  1) 

-(  0) 

1(  1) 

5(  1) 

4(  1) 

Pyro  asar 

-(  0) 

•(  0) 

-(  0) 

!(  1) 

♦(  1) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

2(  1) 

2(  1) 

-(  0) 

-(  0) 

-(  0) 

Pyro  secu 

-(  0) 

-(  0) 

-(  0) 

K  1) 

K  1) 

-(  0) 

8(  1) 

-(  0) 

2(  1) 

7(  1) 

8(  1) 

6(  1) 

-(  0) 

K  I) 

11  1) 

Pyro  unif 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-t  0) 

Sene  stre 

-(  0) 

K  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

2(  1) 

-(  0) 

-(  0) 

-(  0) 

K  1) 

-(  0) 

-(  0) 

♦(  1) 

It  1) 

Sene  tria 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Smil  race 

nil 

-(  0) 

2(  I) 

2(  1) 

6(  1) 

4(  1) 

S(  1) 

2(  1) 

2(  2) 

7(  1) 

2(  1) 

2(  2) 

S(  2) 

4(  4) 

Smil  stel 

1(  1) 

-(  0) 

-(  0) 

K  1) 

21  1) 

K  1) 

2(  1) 

-(  0) 

-(  0) 

4(  1) 

2(  2) 

-(  0) 

-(  0) 

2(  2) 

2(  1) 

Stre  amp] 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  01 

-(  0) 

-(  0) 

-(  0) 

Thai  occi 

-I  0) 

-(  0) 

K  1) 

3(  3) 

6(  2) 

-(  0) 

5(  9) 

-(  3) 

4(  3) 

9(  9) 

S(10) 

3(  1) 

-(  C) 

S(  7) 

6(  1) 

Tiar  trif 

-(  0) 

(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Trol  laxu 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-0(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Vale  site 

-(  0) 

-(  0) 

11  I) 

K  1) 

-(  0) 

-(  0) 

2(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

If  1) 

Vera  viri 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Viol  cana 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

•(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

Viol  orbi 

-(  0) 
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=  0-5'.,  1  =  S-1S\.  2  =  15-2S*.  3 
=  8S-9S\,   0  =  95-1001 


25-3SI,  4  -  3S-454,  5  =  4S-SSt,  6  =  55-651.  7  .  6S-7S1,  8  =  75-8S1, 
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(See  instructions  for  use  on  page  126) 
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Tsug  hete 


SHRUBS  AND  SUBSHRUBS 


Ainu  sinu 
Amel  alni 
Arte  trid 
Holo  disc 
Juni  comm 
Juni  hori 
Ledu  glan 
Mens  ferr 
Oplo  horr 
Pach  myrs 
Phyl  empe 
Phys  malv 
Prun  virg 
Purs  trid 
Ribe  lacu 
Ribe  mont 
Rubu  parv 
Shep  cana 
Spir  betu 
Symp  albu 
Taxu  brev 
Vacc  caes 
Vacc  glob 
Vacc  myrt 
Vacc  scop 
Arct  uva- 
Berb  repe 
Linn  bore 


FERNS  «JD  FERN  ALLIES 


Athy  fili 
Equi  arve 
Cymn  dryo 


Agro  scab 
Agro  spic 


Oryz  aspe 
Schi  purp 

FORBS 
Acta  rubr 
Aden  bico 
Aral  nudi 
Ami  cord 
Ami  lati 
Bals  sagi 
Clem  pseu 
Clem  tenu 


Clin 
Copt 


if 


Pyro  asar 
Pyro  secu 
Pyro  unif 


Sene  tria 
Smil  race 
Smil  stel 
St  re  ampl 
Thai  occi 
Tiar  trif 


Trol  la 


Viol    cana 
Viol  orbi 


(  0) 

1( 

(  0) 

•  ( 

1(36) 

2( 

(   0) 

-( 

)(26) 

10( 

K  8) 

6( 

it    1) 

1( 

(    3) 

(   0) 

♦  ( 

(    0) 

+  ( 

(    0) 

-( 

t   0) 

-( 

(   01 

-( 

(   0) 

(   0) 

1( 

(   0) 

-( 

t   0) 

1( 

(    0) 

-( 

(   0) 

w 

(    1) 

3( 

(  0) 

♦  ( 

(   0) 

-( 

(  1) 

4( 

(  0) 

-( 

(   0) 

-( 

(  1) 

-( 

(    0) 

<  1) 

♦  ( 

(   0) 

(   0) 

K 

(   0) 

-( 

(  0) 

1( 

(   0) 

-( 

(   0) 

+  ( 

(    3) 

2( 

(    9) 

8( 

>(   2) 

4( 

(   0) 

-( 

(   0) 

-( 

(    2) 

1( 

(   0) 

-( 

il    1) 

1( 

1(37) 

3( 

t   1) 

7( 

(   1) 

1( 

(  0) 

(   0) 

-( 

(   0) 

t   0) 

w 

(   2) 

2( 

(   0) 

-( 

(25) 

10  (< 

(10) 

6(1 

(   8) 

2( 

(    8) 

2( 

(   0) 

(    0) 

-( 

(   0) 

(   0) 

(    0) 

(    0) 

(    0) 

(   4) 

9(; 

(    0) 

K 

(    1) 

K 

(    0) 

-( 

(    0) 

-( 

(    0) 

-( 

(    0) 

+  ( 

(    0) 

(  1) 

2( 

(   0) 

2( 

(   0) 

♦  ( 

(  0) 

(  0) 

-( 

(  1) 

3( 

(    0) 

-( 

(   0) 

3( 

(   0) 

-( 

(  0) 

1( 

(   0) 

-( 

(  1) 

5( 

(  0) 

1( 

(  0) 

-( 

(   0) 

S( 

(   0) 

(  0) 

-( 

(  1) 

*( 

(   0) 

(   0) 

-( 

(  0) 

*( 

(  I) 

1( 

2(  2) 
1(15) 

3(13) 
-(  0) 
10(74) 
3(  1) 
-(  0) 
-(  0) 
K  1) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
4(  1) 
-(  0) 
2(20) 
-(   0) 


•(  0) 
1(15) 

-(  0) 

-(  0) 

7(  S) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

1(  3) 

-(  0) 

2(  2) 

-(  0) 

-(  0) 

K  1) 

K  0) 

-(  0) 

-(  0) 

8(  4) 

7(  1) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-C  0) 

-(  0) 

8(  1) 

-(  0) 


-(  0) 
-(  0) 
•(   0) 


-(   0) 

1(  1) 

-(  0) 
5(  2) 
9(44) 
4(  1) 
1(  1) 
-(  0) 
-(  0) 
-(  0) 
-(   0) 


-(  0) 
-(  0) 
-(  0) 
9(23) 
-(  0) 
S(  1) 
1(  3) 
K  1) 
-(  0) 
-(  0) 
-(  0) 
2(  1) 
S(  1) 
-(  0) 
-(  0) 
-(  0) 
7(  1) 
•(  0) 
K  1) 
•(  0) 
-(  0) 
-(  0) 
6(  1) 
2(  1) 
-(  0) 
7(  5) 
-(  0)  . 
-(  0) 
K  1) 
-(  0) 
-(  0) 
-(  0) 
K    1) 


4(  1) 

2(  1) 
5(27) 

-(  0) 
10(60) 

3(  S) 

2(  0) 

-(  0) 

K  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 


-(  0) 

8(  3) 

-(  0) 

-(  0) 

S(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

1(  1) 

1(  1) 

1(15) 

-(  0) 

-(  0) 

S(  1) 
10(27) 

5(  1) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

3(  1) 

6(  1) 

-(  0) 


-(  0) 
-(  0) 
-(    0) 


•(  0) 

4(  8) 

-(  0) 

6(  2) 

S(  2) 

5(  4) 

3(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 


•(  0) 
-(  0) 
-(  0) 
6(  8) 
K  3) 
5(  6) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
2(  1) 
S(  1) 
-(  0) 
-(  0) 
-(   0) 

1(  1) 

-(  0) 
3(  1) 
-(  0) 
M  1) 
-(  0) 
4(  1) 
K  1) 
-(  0) 
S(  1) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 

1(  1) 

-(  0) 
•(   0) 


K  0) 
4(  0) 
1(  8) 
-(  0) 
10(32) 
9(31) 
-(  0) 
-(  0) 
K  0) 
K  2) 
-(  0) 
-(  0) 
•(  0) 
-(  0) 
1(0) 
-(  0) 
1(15) 
-(   0) 


-(  0) 

-(  0) 

-(  0) 

-(  0) 
10(27) 
1(19) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

2(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

8(  1) 

9(  6) 

4(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

1(  0) 

7(  1) 

6(  5) 

K  1! 


-(  0) 
-(  0) 
-(    0) 


1(  1) 

4(  1) 
-(  0) 
3(  2) 
41  2) 
-(  0) 
K  1) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 


•(  0) 
-(  0) 
•(  0) 
7(  4) 
-(  0) 
2(  1) 
2(  1) 
K  1) 
-(  0) 

•(  0) 
-(  0) 
4(  1) 
S(  1) 
-(  0) 
-(  0) 
-(  0) 
H  1) 
■I  0) 
4(  1) 
•(  0) 
K  1) 
-(  0) 
2(  1) 
3(  1) 
-(  0) 
5(  3) 
-(  0) 
•(  0) 
-(  0) 
-(  0) 
-(  0) 
•(  0) 
-(   0) 


-(  0) 

-(  0) 

-(  0) 

-(  0) 

4(  1) 

4(  S) 

-(  0) 

-(  0) 
6(71) 
4(79) 

2(  9) 

K  1) 

-(  0) 

-(  0) 

2(  0) 

-(  0) 

-(  0) 

-(  0) 


-(  0) 

4(  1) 

-(  0) 

-(  0) 

3(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

8(  1) 

-(  0) 

K  3) 

2(  1) 

2(  2) 

7(  1) 

-(  0) 

-(  0) 

K  1) 

-(  0) 

2(  1) 

•(  0) 

4(  1) 

4(  2) 


2(  2) 
10(40) 
-(    0) 


-(    0) 

-(    0) 

1(  1) 

3(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 


3(  1) 
-(  0) 
K  3) 
1(  1) 
K  3) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
3(  1) 
-(  0) 
6(  ]) 
9(  1) 
7(  1) 
-(  0) 
6(  1) 
6(  1) 
6(  1) 
2(  1) 
-(  0) 
4(  0) 
It  1) 
10(  3) 
4(  4) 
7(  2) 
-(  0) 
-(  0) 
U  1) 
-(  0) 
3(  1) 
K  1) 
-(  0) 


-(  0) 
-<  0) 
4(  5) 
-<  0) 
8(11) 
10(21) 
6(7) 
3<  2) 
8(21) 
3(39) 
-(  0) 
-(  0) 
-(  0) 
-<  0) 
6(  1) 
-(  0) 
-(  0) 
-<    0) 


-(  0) 

10(  5) 

-(  0) 

-(  0) 

6(  8) 

-(  0) 

-(  0) 

3(  1) 

-(  0) 

1(  3) 

-(  0) 
10(66) 

1(  1) 

-(  0) 

-(  0) 

-(  0) 

3(  1) 

4(  5) 
9(15) 

10  <  9) 

1(  1) 

10(  9) 
3(19) 

-(  0) 

3(  8) 

8(  5) 

10(  8) 
10(20) 


-(  0) 
3(    1) 

-(   0) 


-(  0) 

-(  0) 

-(  0) 
9(22) 

1(  1) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

6(  2) 

-(  0) 


3(  1) 
-(  0) 
-(  0) 
4(  1) 
3(  8) 
-(  0) 
-(  0) 
-(  0) 
9(  3) 
-(  0) 
9(  9) 
H  1) 
8(  1) 
5(  1) 
-<  0) 
-(  0) 
8(  1) 
-(  0) 
6(  1) 
-<  0) 
-(  0) 
-(  0) 
4(  1) 
6(    1) 

K  1) 

61  4) 
1(  1) 
-(  0) 
-(  0) 
-(  0) 
3(  1) 
8(  1) 
3(19) 


-(  0) 
-(  0) 
1(  8) 
-(  0) 
8(19) 
4(22) 
7(20) 
1(  3) 
8(32) 
3(33) 
3(20) 
-(  0) 
1(  3) 
-(  0) 
3(  2) 
-(  0) 
-(  0) 
-(    0) 


1(  1) 

9(  6) 
-<  0) 
-(  0) 
1(  1) 
-(  0) 
-(  0) 
1(  1) 
-(  0) 
3(  1) 
-(  0) 
-(  0) 
1(  9) 
-(  0) 
3(  1) 
-(  0) 
4(  9) 
4(  0) 
7(13) 
9(10) 
1(  1) 
1(  T) 
1(  8) 
1(  1) 
2(  1) 
2(  1) 
8(  5) 
9(12) 


1(  1) 
2<  5) 
2(   1) 


-(  0) 

-(  0) 

-(  0) 

5(  9) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

8(  2) 

1(  1) 


1(  1) 
4<  1) 
7(19) 
1<  3) 
3(17) 
-(  0) 
-<  0) 
-(  0) 
6(  3) 
-(  0) 
8(  5) 
5(  1) 
6<  1) 
7(  3) 
-(  0) 
-(  0) 
7(  2) 
4(  0) 
5(  1) 
-(  0) 
-(  0) 
-(  0) 
3(  1) 
7(  3) 
1(  3) 
8(  1) 
2(  1) 
-(  0) 
-(  0) 
-(  0) 
4(  1) 
5(  3) 
1(    1) 


-(  0) 
•(  0) 
-(  0) 
-(  0) 
10(50) 
3(25) 
-(  0) 
•(  0) 
5(18) 
S(26) 
-(  0) 
-(  0) 
-(  0) 
•(  0) 
7(  5) 
•(  0) 
2(  0) 
-(    0) 


-(  0) 

3(  2) 

-(  0) 

-(  0) 

3(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 
10(66) 

S(  2) 

•(  0) 

2(  1) 

-(  0) 

5(  0) 

3(  1) 

10(  3) 

10(  S) 

-(  0) 

-(  0) 

2(  1) 

•(  0) 

-(  0) 

-(  0) 

7(  1) 
2(15) 


-(   0) 

-(    0) 
-(    0) 


-(  0) 

2(  1) 

-t  0) 

5(  1) 
7(17) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 


S(  1) 
•(  0) 
-(  0) 
3(  2) 
-(  0) 
-(  0) 
2(  1) 
•(  0) 
-(  0) 
•(  0) 
-(  0) 
10(  1) 
10(  1) 
10(  1) 
S(  1) 
-(  0) 
8(  1) 
-(  0) 
8(  1) 
-(  0) 
-(  0) 
•(  0) 
7(  1) 
'(  1) 
-(  0) 
10(  1) 
-(  0) 
-t  0) 
-(  0) 
-(  0) 
S(  3) 
2(  1) 
-(   0) 


1(  1) 
•(  0) 
1(59) 
-(  0) 
7(19) 
6(19) 
-(  0) 
-(  0) 
3(53) 
7(58) 
-(  0) 
-(  0) 
-(  0) 
•(  0) 
S(  1) 
-(  0) 
3(  0) 
-(   0) 


K  3) 
5(  3) 
-(  0) 
-(  0) 
3(  1) 
•(  0) 

M  1) 
-(  0) 

-(    0) 

1(  1) 

-(   0) 

1(  1) 

K  2) 
-(  0) 
9(  2) 
-(  0) 
4(16) 
4(  4) 
S(  9) 
8(12) 
-(  0) 
-(  0) 
K  3) 
-(  0) 
K  3) 
-(  0) 
7(  6) 
5(28) 


It    2) 
6(   3) 

-(   0) 


-(  0) 

-(  0) 

2(  2) 
S(1S) 

K  2) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

2(  1) 

K  1) 


10(  1) 
-(  0) 
-(  0) 
5(  6) 
K  1) 
H  1) 
1(15) 
-(  0) 
-(  0) 
-t  0) 
-(  0) 
6(  1) 
3(  1) 
10(  2) 
6(  S) 
-(  0) 
9(  1) 
3(  1) 
8(  2) 
2(  0) 
K  T) 
3(  1) 
S(  1) 
8(  1) 
6(  1) 
7(  3) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
3(10) 
K  3) 
-(  0) 


2(  1) 
-(  0) 
2(15) 
-(  0) 
8(11) 
10(34) 
8(15) 
-(  0) 
6(11) 
4(15) 
-(  0) 
-(  0) 
-(  0) 
•(  0) 
2(  1) 
•(  0) 
-(  0) 
-(   0) 


-(  0) 

8(  8) 

-(  0) 

-(  0) 

4(  2) 

-(  0) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

■(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

-(  0) 

-(  0) 

4(  1) 

8(  8) 

4(  9) 

-(  0) 
10(12) 

2(  1) 

4(  3) 

2(  1) 

8(  1) 

8(  S) 

8(  8) 


-(  0) 
2(  1) 
-(   0) 


-(  0) 

-(  0) 

-(  0) 
10(36) 

-(  0) 

-(  0) 

-(  0) 

•(  0) 

-(  0) 

2(  1) 

-(  0) 


-(  0) 
-(  0) 
-(  0) 
8(  1) 
2(  1) 
•(  0) 
-(  0) 
■(  0) 
-(  0) 
-(  0) 
-(  0) 
2(  1) 
6(  1) 
-(  0) 
-(  0) 
-(  0) 
2(  I) 
-(  0) 
2(  1) 
-(  0) 
-t  0) 
-(  0) 
-(  0) 
2(  1) 
•(  0) 
6(  1) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
2(  1) 
-(   0) 


•Code  to   consta 


0-5%,    1    •  S-lSt,    2  = 
85-95*.    10   =   95-100*. 


15-25%.    3  =   2S-3S*.   4   =   35-451,    S  =   4S-S5"i,    6  =   SS-6SV 
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IDfX  C-l    (con.) 

on   page   126) 
-    (the    latter   In   parentheses)    of  important   plants    in  Montana    forest    habitat    types   and  phases 
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APPENDIX  C-l  (con.) 
canopy  coverage  percent  (the  latter 


(See  instructions  for  use  on  page  126) 
ntheses)  of  important  plants  in  Montana  forest  habitat  types  and  phases 
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APPkNDIX  C-J  (con.) 

(See  instructions  for  use  on  page  126) 
Constancy*  and  average  canopy  coverage  percent  (the  latter  in  parentheses)  of  important  plants  in  Montana  forest  habitat  types  and  phases 
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APPENDIX  C-l  (con.) 
Constancy'  and  average  canopy  coverage  percent  (the  latter  in  parentheses)  of  important  plants 


[See  instructions  for  use  on  page  126) 
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Thai  occi 
Tiar  trif 
Trol  laxu 


(  0) 

-(  0) 

0) 

0) 

0)     •( 

(  2) 

2(  1) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     •( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  3) 

10(78) 

0)    1 

1)     1 

C)    -( 

(74) 

2(  3) 

0)    7 

18)     6 

12)     4( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(  0) 

-(  0)    5 

37) 

0) 

0)    -( 

(  0) 

3(  3)     3 

8)     8 

13)    8 

12)    8( 

(  0) 

-(0) 

0) 

0) 

0)    -( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

C  0) 

-(  0) 

0) 

0) 

0)    -( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(33) 

10(19)    10 

50)    10 

23)    10 

29)     9( 

(  0) 

-(  0) 

0) 

0) 

3)     -( 

(  2) 

3(  2)     5 

30)   10 

33)   10 

19)     8( 

(  0) 

-(  0) 

0) 

0) 

0)    5( 

(  0) 

-(  0) 

0) 

19) 

0)    -( 

(  0) 

-(0) 

0) 

0) 

1)    -( 

(  0) 

-(  0) 

0) 

0) 

0)   -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  1) 

2(  1) 

0)    3 

2) 

1)      -( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(  0) 

-(  0) 

0) 

3)     1 

6)    1( 

(  0) 

-(  0) 

0) 

0)    1 

2)     9( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0)    1 

1)     -( 

(  0) 

-(  0) 

0)    1 

14)     2 

7)     K 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

C  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

3(  1) 

0) 

1)     1 

1)     l( 

(  0) 

2(  1)    10 

14) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0)    2 

1) 

0) 

0)     -( 

(  1) 

8(  1) 

0)    1 

1) 

1)     "( 

(  0) 

3(19) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  3) 

3(  1) 

0)    4 

7)     4 

13)    6( 

t  0) 

-(0) 

0)    1 

14)     1 

31)     1( 

(  3) 

-(  0)    2 

3)    9 

42)    10 

36)    9( 

(  0) 

-(  0) 

0) 

1) 

0)    -( 

(  1) 

10(  2) 

0) 

1) 

0)    -( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(  0) 

-(  0) 

0) 

0) 

0)    •( 

(  0) 

-(  0) 

0) 

1) 

0)    •( 

(  0) 

-(  0) 

0) 

0) 

0)    •( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(  1) 

-(  0) 

0) 

0) 

0)    •( 

(  0) 

-(  0) 

0) 

i) 

0)    -( 

(  0) 

7(  2) 

0)     1 

i) 

1)    -( 

(37) 

10(42) 

0)     6 

11)     7 

4)     2( 

(  1) 

-(  0)     2 

1)      1 

1) 

0)     -( 

(  1) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0)    10 

10)    9( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

•(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)    -( 

(  0) 

-(0) 

0) 

0) 

0)     -( 

(  1) 

8(15)    3 

9)     5 

5)     1 

2)     -( 

(  3) 

2(63)    7 

5)    8 

9)     7 

8)     8( 

(  0) 

2(  1) 

0) 

0) 

0)     -( 

(  0) 

2(  1) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

C  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  0) 

S(  1) 

0) 

0) 

0)     -( 

(  0) 

7(  1)    3 

1)      1 

1) 

0)     -( 

(  1) 

3(  0) 

0) 

0) 

0)     -( 

(  0) 

2(  1) 

0) 

0) 

0)     -( 

(  1) 

-(  0)    2 

1)    5 

1)     4 

0)     3( 

(  1) 

10(  1)     7 

1)    3 

1)     1 

1)     -( 

(  0) 

-(  0) 

0) 

0) 

0)     -( 

(  1) 

10(  1)     5 

1)    4 

1)     2 

1)     3( 

(  0) 

-(  0)    2 

1) 

0) 

0)     -( 

(  0) 

-(  0)    3 

1) 

1) 

0)     -( 

(  0) 

-(  0) 

0)    1 

1)     1 

1)      1( 

(  0) 

7(  1) 

0) 

0) 

0)    -( 

(  0) 

5(  1) 

0) 

0) 

0)     *( 

(  0) 

-(  0) 

0) 

0) 

0)     •( 

(  2) 

10(18) 

0)    2 

3)    2 

1)      *( 

(  0) 

-(0) 

0) 

0) 

1)      •( 

(  0) 

-(  0) 

0) 

1)    1 

1)      -( 

(  o) 

2(  1) 

0)     4 

2)    4 

1)      •( 

(  0) 

2(  1) 

0)     1 

1)     3 

1)     2( 

(  0) 

2(  3) 

0) 

0) 

0)     -( 

(  0) 

2(  1) 

0)     1 

1)     4 

1)     3( 

(  0) 

-(  0) 

0)    2 

31)     9 

27)    7( 

-(   0) 

•  (  1) 

-(  0) 
-(  0) 
*(  3) 
1(  8) 
-(  0) 
-(  0) 
•(  0) 
7(10) 
•(  0) 
-(  0) 
-(  0) 
-(  0) 

10(27) 
-(   0) 

10(32) 
♦  (    0) 


-(   0) 

-(  0) 
-(  0) 
-(  0) 
2(  3) 
-(  0) 
♦(  1) 
•(  0) 
-(  0) 
-(  0) 
K  9) 
-(  0) 
-(  0) 
-(  0) 
11  1) 
*(  3) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
1(10) 
♦(63) 
7(35) 
-(  0) 
-(  0) 
-(   0) 


-(  0) 
-(  0) 
-(   0) 


•(  1) 
-(  0) 
-(  0) 
-(  0) 
4(  5) 
2(  3) 
-(  0) 
-(  0) 
3(24) 
-(  0) 
-(    0) 


-(  0) 
-(  0) 
-(  0) 
2(  2) 
7(  7) 
•(  0) 
*(  1) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
-(  0) 
♦(  3) 
-(  0) 
-(  0) 
6(  1) 
2(  1) 
-(  0) 
K  1) 
-(  0) 
•(  1) 
1(  2) 
-(  0) 
-(  0) 
-(   0) 

1(  1) 

-(  0) 

-(    0) 

1(  1) 
♦  (  1) 

-(   0) 

1(  1) 

4(14) 


(  0) 

0) 

0) 

u  n 

K  0) 

-(  0)     3( 

(  0)     1 

37) 

0) 

-(  0) 

-(  0) 

"(0)     -( 

(  0) 

0) 

0) 

1(  1) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(0)     -( 

(  0)    6 

1) 

0) 

8(  1) 

7(  3) 

S(  6)     5( 

(  0)    1 

0)    10 

70) 

10(60) 

10(64) 

10(56)    10( 

(  0) 

0) 

0) 

-(  0) 

K  n 

•(0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(0)     -( 

(  0) 

0) 

0) 

2(  2) 

K  0) 

-(  0)     •( 

(11)     2 

0) 

0) 

3(  1) 

8(  1) 

4(  1)     2( 

(  0) 

0) 

0) 

-(  0) 

•(  0) 

-(  0)    •( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    •( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(16)     7 

0) 

0) 

7(  3) 

6(  1) 

6(  3)    3( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(14)    10 

67)     3 

1) 

6(  1) 

4(  1) 

6(  1)     5( 

(47) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

It  8) 

K  3)     -( 

(  0) 

0) 

0) 

2(  1) 

K  1) 

K  1)    2( 

(  0)     1 

1) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

•(  0)     -( 

(  1)     6 

8)     3 

1) 

S(  I) 

S(  2) 

4(  1)     7( 

(  0)     1 

3) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  7) 

0) 

0) 

-(  0) 

HIS) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

1(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

•(  0) 

-(  0) 

K  1)    -( 

(14) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

K  1) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0) 

0)    10 

18) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

1(  0) 

1(  1)      -( 

(  0)     2 

9) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

2(  1) 

-(  0)     -( 

(  0)    2 

1) 

0) 

4(  0) 

7(  5) 

2(  8)     2( 

(  0)    1 

1) 

0) 

S(  1) 

8(  2) 

7(  3)     7( 

(  0)    1 

1) 

0) 

•(  0) 

2(  1) 

-(  0)     2( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

10(19) 

2(  0) 

-(  0)     -( 

(  1) 

0) 

0) 

2(  1) 

5(29) 

2(  1)     2( 

(  0) 

0) 

0) 

2(  8) 

-(  0) 

K  3)     -( 

(11)     2 

50) 

0) 

5(18) 

8(29) 

10(58)    S( 

(  0)     1 

1)    10 

1) 

6(12) 

6(  2) 

4(11)    5(1 

(  0)    2 

2) 

0) 

4(  1) 

5(  1) 

4(  0)     7( 

(  0) 

0) 

0) 

3(23) 

10(28) 

2(  1)     2( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  1) 

0) 

0) 

-(  0) 

K  1) 

•(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

K  1) 

-(  0) 

1(  1)     -( 

(  0)     3 

2)    10 

1) 

-(  0) 

-(  0) 

-(  0)     2( 

(  1) 

0) 

0) 

K  3) 

1(  8) 

-(  0)     -( 

(  0)     3 

2) 

0) 

10(36) 

10(23) 

7(14)    10(2 

(  7)     7 

8) 

0) 

5(  7) 

2(  1) 

5(  4)     7(1 

(  0)     6 

12)     3 

1) 

2(  1) 

-(  0) 

-(  0)     2( 

(  0)     1 

1) 

0) 

K  1) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(13) 

0) 

0) 

-(  0) 

-(  0) 

1(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

•(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

K  1) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0)     2 

26) 

0) 

7(  2) 

7(  1) 

6(  3)     7( 

(  5)     2 

20) 

0) 

-(  0) 

3(18) 

4(  2)     -( 

(  0)     1 

1) 

0) 

-(  0) 

-(  0) 

-I  0)     -( 

(  0)     1 

1) 

0) 

•(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

•(  0)     -! 

(  0) 

0) 

0) 

-(  0) 

K  3) 

-(  0)     -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0)     4 

2) 

0) 

3(  1) 

K  1) 

K  1)    2( 

(  0) 

0) 

0) 

K  1) 

-(  0) 

-(  0)     -( 

(  0) 

0) 

0) 

1(  0) 

K  0) 

-(  0)     -( 

(  2)     1 

3) 

0) 

-(  0) 

-(  0) 

K  l)   -( 

(  0)     7 

0) 

0) 

-(  0) 

2(  1) 

K  1)    •( 

(  0) 

0) 

0) 

K  0) 

-(  0) 

-(  0)     -( 

(  0)     1 

1) 

0) 

3(  0) 

7(  0) 

3(  1)     2( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  0)     3 

1)     3 

1) 

-(  0) 

K  1) 

-(  0)    3( 

(  1) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0) 

0) 

0) 

1(  1) 

K  1) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

1(  1) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0)     2 

9) 

0) 

3(  1) 

3(  1) 

K  3)    -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)     -( 

(  3)     1 

1) 

0) 

-(  0) 

K  1) 

2(  0)    -( 

(  1) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

-(  0) 

-(  0)    -( 

(  0) 

0) 

0) 

-(  0) 

2(  1) 

K  3)    -( 

(  1)    1 

1) 

0) 

1(  0) 

-(  0) 

3(  1)    -( 

'Code   to  constancy  values: 


=  0-S*.    1 
=   85-95*, 


5-154,    2  =    15-25* 
0   »   95-100* 


3    =    2S-3S*.    4    =    3S-4S*,5    =    45-SS*.    6  =    55-65*'    7   =    65-75*.    8   . 
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APPENDIX  C-2 
(See  pocket  inside  back  cover) 
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APPENDIX  D-l 

Soils  data  in  the  following  four-page  table  are  presented  by  habitat  type  and 
phase  in  a  format  similar  to  that  for  vegetative  data  (appendix  C).   COARSE  FRAGMENT 
TYPES  are  shown  as  percentage  of  stands  in  which  a  given  rock  type  was  the  apparent 
primary  residual  parent  material.  TEXTURAL  CLASSES  are  also  shown  as  percentage  of 
stands  having  a  given  soil  texture.   All  other  categories  of  data  are  presented  as 
mean  values. 

These  appendix  data  and  the  individual  stand  data  were  used  in  writing  the  brief 
soil  descriptions  for  series,  habitat  types,  and  phases.   The  terminology  was  based 
primarily  on  the  USDA  Soil  Conservation  Service  (1975)  definitions  with  some  modifica- 
tions.  The  basis  for  the  adjectives  as  used  in  our  text  is: 

SURFACE  ROCK  EXPOSED  (Includes  cobbles,  stones,  and  fixed  rock;  i.e., 
material  >3  inches) 


15 


>15 


little 


moderate 


considerable 


percent 


BARE  SOIL  EXPOSED  (Includes  soil  and  gravel;  i.e.,  material  <3  inches) 


little 


15 


>15 


moderate 


considerable 


percent 


DUFF  DEPTH 


1 


shallow 


moderate 


deep 


8 


j_  centimeters 


REACTION 


k.O 


5.  0 


6.0 


7.  0 


8.  0 

i 


very  acidic    I   acidic     '  slightly  |  neutral   [  slightly 

acidic  basic 


pH 


GRAVEL  CONTENT  (Includes  all  coarse  fragments  <3  inches  regardless  of 
kind  or  shape 


10 


nongravelly 


20 


30 

I 


40 
I 


gravelly 


50 


>50 


very 
gravelly 


percent 
(by  weight) 
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su 


|S, 


J   i5 


l£S5: 


ess  s 


a  K  • 
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\u 


!£  8 

ii' 

is. 

Is—  . 


O  Q 

UJ         O 


"MSs-  2   a   I 

3  «    t.    O    C    u  <J  (/)  Q 

z        oa  ctqc  o  3"        x  a        a:        u. 


■  e  -a  e  -  w 
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3E 
9^2 

o 

j  «  "~ 

KABPA  SERIES 

ABU/CACA 
H.t. 

a-  D.  c 

3- 

J  3  3  w         h 

UJ  <   >  J=                  = 

3 

Is-      •' 

<   13  *Z                  C 

sic 

-  m  ii 

X     D.  C 

<  -c 

>     Q.  C 

a  w 

■<  e.  c 

—  j= 

u   a.  c 

<  O      ■ 

-J  X    «                  II 

<  O  j=            c: 

z 

5 

3 

11= 

Z     M 

u  a.  c 

1^1-        •' 

S  P  o  j=            e 

ii= 

II  ■ 

<f   c  c 

il" 

s] 

-    s 


op  s  _e           c               — 

UJ        o         w  c  t-  Wl   h 

g    2    5  I  S  slhl    1 

log  ~  §  ^°5£     S 

uOu;  O  <  =  >.>. 

u       (/)        o  —  J  e2   a>  G  -o  6  »> 

3          <          =>  UJ  3  UJ    O. 
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JO  o     • 


sjis » 


Hi 


SS-' 


£     S  »     £     S  2  2  S  S     *     S  2  2  .S  5 

g   as   I   a  -a  s  -s  s   g    sstsx 


I  I  ^ 


2    S     e   -O    E    i-   i" 
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APPENDIX  D-2 


Climatic  parameters  for  stat 
(-v  =  approximately) 


s  within  selected  habitat  types  in  or  near  Montana  (from  U.  S.  Weather  Service  records  unless  footnoted) 


Climax  series 
and  station 


Estimated  habitat 
types  and  phase 


Mean  monthly 
temperature 
July  :  Jan. 


Average 
number  of 
frosts  (32*F) 
June-August 


Mean 

annual 

precipitation 


Mean 

May-Aug. 

precipitation 


Mean 
annual 
snowfall 


Township 
Range 
Section 


.'■.  ■■  ■  ■■ 


°F(°C)    °F(°C) 


:<■  ■'■  ,  : 


Inches 


/".  .■/ 


PINUS  FLEXILIS  SERIES 


Townsend  (near) 
Blackleaf  (near) 


AGSP 

.. 

66(19)  17(-8) 

1 

FEID 

FESC 

60(16)  21(-6) 

^S 

10.4 
14.6 


6.0 
8.3 


7N2ES31 
26N7WS18 


3,833 
4,600 


PINUS  PONDEROSA  SERIFS 


Roundup 
Plains 

Canyon  Ferry 
Lewiston  AP 


AGSP 

FEID  FEID 
PUTR   — 
SYAL 


72(22)  24(-4) 

67(19)  25(-4) 

71(22)  26(-3) 

66(19)  20(-7) 


10.9 

6.S 

^36 

8N25ES13 

3,227 

14.0 

S.4 

M2 

20N26WS26 

2,473 

12.1 

6.8 

M9 

10N1WS3 

3,850 

16.5 

9.6 

61 

15N18ES20 

4,130 

PSEUDOTSUGA  MENZIESII  SERIES 


Libby  RS 
Lincoln  RS 
Pleasant  Valley 
Greenough1 
Ecounit  1.51 


SYAL 

SYAL 

VACA   -- 
VACA 
CARU  ARUV 


66(19)  22(-6) 
61(16)  17(-8) 
60(16)  20C-7) 
63(17)  18(-8) 
63(17)^22(-6) 


18.5 

4.5 

-. 

31N31WS34 

2,080 

19.4 

7.4 

MOO 

14N9WS24 

4,500 

18.9 

5.6 

-- 

27N26WS2 

3,600 

17.8 

6.1 

M10 

13N1SWS14 

4,000 

-- 

4.7 

-- 

13N14WS15 

4,350 

PICEA  SPP.  SERIES 


Polebridge 

Yellowstone  NE  entrance 


CLUN  VACA 
LIBO 


61(16)  17(-8) 
56(13)  14(-10) 


14 
29 


23.1 

6.3 

122 

35N21WS27 

3,690 

25.7 

9.7 

169 

9S14ES34 

7,200 

ABIES  GRANDIS,  THUJA,  TSUGA  SERIES 


Trout  Cr.  2W 
Heron  2NW 


ABGR/CLUN 
TSHE/CLUN  CLUN 


64(18)  23(-S) 
64(18)  24(-4) 


30.0 

5.5 

•v-90 

24N32ES24 

2,480 

34.3 

6.5 

87 

27N34WS29 

2,240 

ABIES  LASIOCARPA  SERIES 


Lower  subalpine  h.t. 
West  Glacier 
See ley  Lake  RS 
Roland,  Idaho 
Burke,  Idaho 
Summit  (U.S.  Hwy. 
Kings  Hill 


CLUN  VACA 

CLUN  XETE 

CLUN  MEFE 

MEFE 

XETE  VASC 

VASC 


Upper  subalpine  and  timberline  h.t.s: 

Hell's  Half  Acre,  Idaho2  ABLA/LUH1  VASC 
McCalla  Lake3  LALY-ABLA  -- 

Old  Glory  Mtn.,  B.C."   M>IAL-ABLA5  -- 


64(18)  21(-6) 

63(17)  17(-8) 

62(17)  23(-5) 

60(16)  22(-6) 

S7(14)  15(-9) 

59(15)  16(-9) 


58(14)   — 
53(12)  14 (-10) 
49(9)   12(-11) 


M6 
M8 


28.1 

8.0 

129 

32N19WS36 

3,154 

21.1 

6.5 

120 

17N15WS21 

4,030 

53.8 

7.6 

274 

47N6ES35.ID 

4,150 

48.6 

9.1 

234 

48N5ES11,ID 

4,093 

36.9 

9.3 

253 

30N14WS34 

5,213 

28.7 

11.1 

270 

13N8ES34 

7,300 

•V40 

27N16ES29 

8,117 

^45 

-- 

•^300 

9N21WS28 

8,000 

28.3 

-- 

212 

49°  09'  N 

7,700 

1  Steele  1972. 

2  Maintained  by  Bitterroot  National  Forest,  Forest  Service,  Hamilton,  Montana. 

3  Axno  1970. 

*  Canadian  Department  of  Transport  1967. 

5  Tundra  site  about  100  feet  in  elevation  above  timberline. 


166 


APPENDIX  E-l 

basal  areas  and  50-year  site  indexes  for  Montana  stands  by  habitat  type.   Means  are  shown  where  n 
confidence  limits  (95  percent)  for  estimating  the  mean  are  given  where  n  =  5  or  nore. 


(Kootenai ,    Flathead, 

West-side 
Lolo,    and   Bitterroot   National 

Forests) 

Habitat   type 

(Deerlodge,    Be 
Gallatin, 

East-side 
iverhead,    Helena,    Lewis  and  Clark, 
and  Custer  National   Forests) 

Basal    area: 

Site   index  by   species 

Basal  area: 

Site   index  by   species 

Habitat   type 

(ft'/acre):      PIPO            PSME 

PICO             LAOC             PICEA      : 

ABGR 

ABLA 

(ftVacre):      PIPO 

PSME      :       PICO      :      PICEA      :      ABU 

SCREE 
PIFL/AGSP 
PIFL/FEID 
PIFL/JUCO 

156 

73 

PIPO/AGSP 
PIPO/FEID 

PIPO/PUTR 

101 
139 
77 

I 

25 

21 
28 

P1P0/SYAL 
PIPO/PRVI 

170 

t 

? 

PSME/AGSP 
PSME/FEID 
PSME/FESC 

126 

; 

47 

PSME/VACA 
PSME/PHMA 
PSME/VAGL 

192 
153 
185 

- 

33 
20 
33 

PSME/LIBO 
PSME/SYAL 

PSME/CARU 

226 

172 
191 

- 

53 
23 
24 

PSME/CAGE 
PSME/SPBE 

PSME/ARUV 

186 

142 

- 

PSME/JUCO 
PSME/ARCO 

PICEA/EQAR 
PICEA/ CLUN 
PICEA/PHMA 

241 

'* 

38 

PICEA/ GATR 
PICEA/VACA 
PICEA/SEST 

PICEA/LIBO 
PICEA/ SMST 

ABGR/CLUN 
ABGR/LIBO 

254 
195 

± 

94 

THPL/CLUN 
TSHE/CLUN 

305 
267 

± 

96 

55 

ABLA/OPHO 
ABLA/CLUN 
ABLA/GATR 

351 
248 
196 

- 

24 

47 

ABLA/VACA 
ABLA/CACA 
ABU/ LI  BO 

177 
166 

z 

3S 

ABLA/MEFE 
ABLA/XETE 
TSME/XETE 

172 
188 
114 

\ 

26 
26 

ABLA/VAGL 
ABLA/VASC,    THOC 
ABLA/VASC,   other 

ABLA/ALSI 
ABLA/CARU 

ABLA/CLPS 
ABLA/ARCO 
ABLA/CAGE 

ABLA/RIMO 

ABLA-PIAL/VASC 

ARLA/LUHI 

187 

I 

30 

PIAL-ABLA 
LALY-ABLA 
PIAL 

146 

- 

49 

PICO/PUTR  h.t. 
PICO/VACA  c.t. 
PICO/LIBO   c.t. 

PICO/VASC   c.t. 
PICO/CARU   c.t. 

66  ±  ? 
(PIMO--62  t   ?) 


S   63 
12 


50  ±    8 

S6  ±   6 

67  ±    ? 

60 

40   t    6 

45  ±   6 

51   ±    ? 

56 

168 
140 


192 

196 
206 


196 

210 


SCREE 

PIFL/AGSP 

PIFL/FEID 

PIFL/JUCO 

PIPO/AGSP 
PIPO/FEID 
PIPO/PUTR 

PIPO/SYAL 
PIPO/PRVI 

PSME/AGSP 
PSME/FEID 
PSME/FESC 

PSME/VACA 
PSME/PHMA 
PSME/VAGL 

PSME/LIBO 
PSME/SYAL 
PSME/CARU 

PSME/CAGE 
PSME/SPBE 
PSME/ARUV 

PSME/JUCO 

PSME/ARCO 

PICEA/EQAR 
PICEA/CLUN 
PICEA/PHMA 

PICEA/ GATR 
PICEA/VACA 
PICEA/SEST 

PICEA/LIBO 
PICCA/SMST 

ABGR/CLUN 
ABGR/LIBO 

THPL/CLUN 
TSHE/CLUN 

ABLA/OPHO 
ABLA/CLUN 
ABLA/GATR 

ABLA/VACA 
ABLA/CACA 
ABLA/LIBO 

ABLA/MEFE 
ABLA/XETE 
TSME/XETE 


ABLA/VAGL 
ABLA/VASC,  THOC 
ABLA/VASC,  other   17S 

ABLA/ALSI 

ABLA/CARU        222 


111  ±  17 
135  S  36 
96  i  ? 


133  J  38 

128  1  39 

159  ±  85 

191  ±  130 

182  i  32 

163  ±  37 


253  i  67 
195  ±  62 
138  ±  35 


203  ±  45 
199  t  ? 
234  ±  41 


177 
224 


203 

± 

73 

244 

i 

27 

177 

♦ 

33 

247 

± 

56 

191 

± 

20 

19S 

* 

41 

226 

- 

39 

201 

t 

33 

295 

± 

33 

ABLA/CLPS 
ABLA/ARCO 
ABLA/CAGE 


268 
220 


ABLA/RIMO 

ABLA-PIAL/VASC    245 
ABLA/LUHI        256 


PIAL-ABLA 
LALY-ABLA 
PIAL 

247   ± 
199  t 

63 

PICO/PUTR  h.t. 
PICO/VACA  c.t. 
PICO/LIBO   c.t. 

130  ± 
184   ± 

193  ± 

27 
2 

PICO/VASC   c.t. 

166   ± 

22 

41  ±  6 
47  ±  7 


24  ±  S 

25  t   7 


PICO/CARU  c.t. 


36 
17  28 


40  i 
36  i 


47  1  3  47  ! 
SO  ±13  4S  ± 
46  ±  11  44  ± 


4   43  ± 

4  46  i 

5  45  i 

50  4 

57  ± 


50 

i 

5 

52 

i 

7 

41 

, 

4 

47 

! 

12 

167 


APPENDIX  E-2 

Mean  maximum  heights  (in  feet)  for  Montana  stands  by  tree  species  and  habitat  type.  Means  are  shown  where  n  =  3  or  more; 
confidence  limits  (95  percent)  for  estimating  the  mean  are  given  where  n  =  5  or  more. 


Maximum  height  by  species  for  the  West-side 
(Kootenai,  Flathead,  Lolo,  and  Bitterroot  National  Forests) 

Habitat  type 

Maximum  height  by  species  for  the  East-side 
(Deerlodge,  Beaverhead,  Helena,  Lewis  and  Clark,  Gallatin, 
Custer  National  Forests) 

ind 

Habitat  type 

PIPO   :   PSME     PICO   :   LAOC   :   PICEA     ABU   :   PIAL 

PIFL   : 

PIPO     PSME     PICO     PICEA 

ABLA   :   PIAL 

SCREE 
PIFL/AGSP 
PIFL/FEID 
PIFL/JUCO 

106  :  7 

SCREE 
PIFL/AGSP 
PIFL/FEID 
PIFL/JUCO 

30  ±  ? 

31  ±  12 
39  ±  8 

3S  1  11 

58  t    7 

43  ±  14 

39  ♦  7 

PIPO/AGSP 
PIPO/FEID 
PIPO/SYAL 
PIPO/PRVI 

106  t    ? 

PIPO/AGSP 
PIPO/FEID 
PIPO/SYAL 
PIPO/PRVI 

57  ±  12 
74  ±  10 

76  J  7 
83  *  8 

PSME/ACSP 
PSME/FEID 
PSME/FESC 

«9  •  ?    77  ±  7 

PSME/AGSP 
PSME/FEID 
PSME/FESC 

69  ±    19  60  1  8 

65  ±  8 

67  ±  ?   58  ;  ? 

PSME/VACA 
PSME/PHHA 
PSME/VACL 

123  ±  10   104  ;  7 
118  ;  20   101  t  7 
115  ±  IS   8S  ;  11 

128  t    14 

PSME/VACA 
PSME/PHMA 
PSME/VAGL 

7S  ±  12 

71  ±  ? 

PSME/LIBO 
PSME/SYAL 
PSME/CARU 

89  t    ? 
113  1  18 
105  *  7    91  •    6 

106  i  17     . 

PSME/LIBO 
PSME/SYAL 
PSME/CARU 

82  i   6 

87  ±  10 

77  t  4   71  ;  8 

PSME/CAGE 
PSME/SPBE 
PSME/ARUV 

PSME/CAGE 
PSME/SPBE 
PSME/ARUV 

76 

76  ±  13 

57  •  7 
14 

PSME/JUCO 
PSME/ARCO 

PSME/JUCO 
PSME/ARCO 

69  i  13 
73  ♦  8 

PICEA/EQAR 
P1CEA/CLUN 
PICEA/PHUA 

13S  1  8 

PICEA/EQAR 
PICEA/CLUN 
PICEA/PHMA 

110  t  7 
86  !  7 

PICEA/CATR 
PICEA/SEST 
PICEA/LIBO 
PICEA/SMST 

PICEA/GATR 
PICEA/SEST 
PICEA/LIBO 
PICEA/SMST 

109  t  7 
54  5  11 

87  ♦  7   88  t   11   99  l  7 
89  t    7 

ABGR/CLUN 
ABGR/UBO 

107  •  ? 

98  !  ? 

117  t  ?                           ! 

ABGR/CLUN 
ABGR/LIBO 

THPL/CLUN 
TSIIE/CLUN 

127  t  7 

149  t    21  141  t  ?   13S  ±  ? 
129  ±  21  141  -  7 

THPL/CLUN 
TSHE/CLUN 

ABLA/CLUN 
ABLA/GATR 
ABLA/CACA 

124  t  9 

94 

133  17   132  !  32  120  ±  ? 

i  10     .     110  t    ? 

ABLA/CLUN 
ABLA/GATR 
ABLA/CACA 

9S  ±  17  84-9   102  i  S 
79  t    10  101  t  8 

88  S  7 

ABLA/LIBO 
ABLA/MEFE 
ABLA/XETE 

101  !  7 
9S  i  ?   88 
86  1  8   82 

113  i  ? 

.8  106  ♦  17  109  ±7    96  ±  10 
•-    7   96  ±  10 

ABLA/LIBO 
ABLA/MEFE 
ABLA/XETE 

86  ♦  8   83  *  8 

82  ^12  99  i    11 

71  ±10  90  ±  27 

87  i  7 

ABLA/VAGL 
ABLA/VASC,  THOC 
ABLA/VASC,  other 

ABLA/VAGL 
ABLA/VASC,  THOC 
ABLA/VASC,  other 

79  ;  '   80  ;  8 

77  •  6   90  i  10 
71  t  4   7S  ;  7 

ABLA/CARU 
ABLA/CLPS 
ABU/ARCO 

ABLA/CARU 
ABLA/CLPS 
ABLA/ARCO 

82  i  10 

64  .  7      .     70  t  8 

81  ±  9   78  t  7   80  ;  7 

ABLA/CAGE,  PSME 

ABLA-PIAL/VASC 

ABLA/LUHI 

67 

9      .     94  t   11    70  i  8   64  i  6 

ABLA/CAGE,  PSME 
ABLA-PIAL/VASC 
ABLA/UIHI 

89  !  13 

66  t  8   76  i  8 

82  i  7 

60  •  7   57 

S 

PIAL-ABLA 
LALY-ABLA 
PIAL 

SS  s  8 
S4  •  10   46  ±  ? 

PIAL-ABLA 
LALY-ABLA 
PIAL 

4S  i    IS 

29  t   6   42 
52 

7 

PICO/VACA  c.t. 
PICO/LIBO  c.t. 
PICO/VASC  c.t. 

PICO/VACA  c.t. 
PICO/LIBO  c.t. 
PICO/VASC  c.t. 

63  t   7 
92  *  9 
67-5 
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APPENDIX  E-3 


Estimated  yield  capabilities  of  West-side  Montana  habitat  types 
based  on  site  index  data  and  stockability  factors.   (Kootenai, 
Flathead,  Lolo,  and  Bitterroot  National  Forests) 

YIELD   CAPABILITY   CLASSES 


(very  low) 


I 
I 

20 


IE 

(low) 


"T- 
I 
I 

50 


m 

[moderate) 


T 


1 — T 


T 
I 
I 
i 

85 


H 

(high) 


120 


I 
(very  high) 


PIALaABLA|8-5 


I  *  ABLA  ACLUN-XETE 


T 


. 1 . 

|    *  ABLA  A  CLUN-VACA        |  8-5 


I'8'8      I, 
ABLAACLUN-CLUN |24-13 

ABLA  ACLUNI-MEFE  [  26~9 


ABLA  ALUHI 


c 


|27-!7 
ABLA  A  CACA 


ABLA  A  XETE 

LI  BO 


13-6 


:ABLA  A  CLUN-ARNU    ^J\\-7 


ABLA  A  LIBO 
ABLA  AMEFE 


146-26 
"132-K 


132-16 


I 


"I  40-17 


ABGR 


iLM    A  fit  I-  t  |tU'l  / 

ABLAAGATR  1 1  8- 5 

ABLAA  OPHO  |5-3       j 

*  ABLA  A  CLUN   *    (detail    above) 
|  TSHE  ACLUN 

THPLACLUN 

ABGR  ^CLUN 

}  ABGRALIB0        |6-3 


|  PSMEAVACA 


fXETE  ]7-2 

PICEAAVACA 
PICEAACLUN 


PSME 


1  ~"'^  *■  ,"v" 
PSHEASPBE 
MC  -  PHMA 


PICEAACLUN 

J36-19 


9-4     I 


I  PSMEALIB0  |l9-12 


PSME  A  SYAL 


PSME  A  CARU 
:  AVAGL  |15~1  1 


.40 

.40 
.40 


_j |       PSME  A"AGL 

.  60 1       PSMEAFESC  |ll-7 

.8o{pipo  syala-syal"]3-3 

■  60 1  PI P0 A  FEID  |l6-!6 

?|     PIPOA  agsp  l^      j 


PIPOA  agsp 
PIP0A  PUTR       |  5-5 


J 


*       I     "  ' 

A  SCREE   10-5 

"^ I 


1 


J  36- 25 


28-20 

I 
44-27 


20 


40 


60 


80 


100 


120 


140 


160 


180 


YIELD  CAPABILITY   (FT3/ ACRE/YR) 
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APPENDIX  F.-4 

Estimated  yield  capabilities  of  East-side  Montana  habitat  types  based  on 
site  index  data  and  stockability  factors.   (Deerlodge,  Beaverhead,  Helena, 
Lewis  and  Clark,  Gallatin,  and  Custer  National  Forests) 

YIELD  CAPABILITY  CLASSES 


(very 


[       I 

low)  | 
20 


EZ 

(low) 


T 


I 
I 
I 

50 


TH 

(moderate) 


85 


n 

(high) 


70  ;  PICO  a.   PUTRft-'t; 

I 
I 
I 


I  p  1 1  0  AV  '' 
I       PICI 


l/ASC|6-6 


kPW 


_7al|3-3 

|PIALaABLA     1 7-6 

"  ABLA-PIAL^  VASC 


j|   PICO 


CARU     1 5~  5 
VACA 


120- 


10 


PICO    A    L  1  bo        ~~ ta-9 
"-1 ™ 1—1 


~[^- 


27 


|  ABLA    A  LUHI-VASC  ~1"-8 

|    ABLA  ^    CLPS        |  ]8f8 

ABLA  AXETE-VASC   7-6 

ABLAACLUN  |ll-6 


JABL^R  1Mb     jl 

.A   aCAGE 


6-lf 


ABLA  A 

|   ablaX  vaol 

VASC 


ABLA    ^  VAbC 
ABLA  A  LI  B0 
ABLA  a  CAC; 


10-8 
]T_9-12 

~]39-20 
]25-16| 


,       ^^^..^ L±^'"l 

ABLAACACA  1  31-20  j 

136-1 
J \c 


m 

ABLAA'VACA 
ABLA     A    ARCO 

I  !      ABLA  A  ALS~ 


1 1  2-7 


ABLA      A,  CARU 

ABLA^MEFE      1 9-6    j 
ABLA   ^  GATR 
|  PICEA  AGATR  | 

Dircrt     -      i    ida       hr.ic 


120 


PICEA  ^  LIBO  |25-15 


22 
16-10 


PICEA  A  SEST 


PICEA 


PICEA  A  PHhA 
P_KEA_A_EQAR_ 


,  SMST   |H-"8 


>4 

7-5 


PSHE  A  LI  B0  j^-fr 
|       PSME  AVAGL-VAGL  1 9~  6 


1  PSME^VACA 


'-"IL-  ^  ,"1""    ,       '"    ^ 
PSME  ^PHMA-PhMA    7-7 


psheasyal 


PSME  A  CARU 
I        PSME  aJUc6~~    1 1  0-8 
PSME    ^  SPBE  |^-3 

!  psmeacage     \s-k  I 

PSME^ARCO     1 1  2  -  10  I 


26-19 
~]M-27 


I      PSME  AARUV  ~112"7 


■      ■   I » 

■  80[PSME  A  PEID 
•  70|PSME*.AGSP    1 12-9" 
olPSME  a^FESC  |6-5 


J 1  2- I  2  I 


■  70|PSME  APESC 


I    .8o|pipoa  prvi-prvi 


1    -yr  "  "a 
l-8o[  pipo  A : 

70|PIP0a.FEID      |~- 


.50|p 


■60|P|PQ    a  AGSP 
3|p|P0aPUTR    3-3 


J7- 


SYALJ6-6 

7         1 


60_A. 


.^0 
.^0 


ipoaPUTR   3-3 
.8oTpifLaJUC°15-5 


JpIFL/FEID  16-10 

•  Ar en  o     ^  ■ 


|r  irL/fti 

Ipifl/agsp  8-6 
JSCREE  6-5 


J L 


k-k 


I 

(very  high) 


90% 

|4-of    range— ^| 


t 


.60     I 

mean      mean 
stockabi I i  ty 
factor 


I       11-  7 

t  t 

10.    of  no.    of 

site  stands 
trees 


20 


40 


60 


100 


120 


140 


160 


180 
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APPENDIX   F 
Montana  habitat   type  field  form    (for  3  plots) 


NAME 

DATE 

(CODE  DESCRIPTION) 

HORIZONTAL 

TOPOGRAPHY:         CONFIGURATION:        CANOPY  COVERAGE  CLASS: 

1 -Ridge            1 -Convex  (dry)        0=Absent      3=2S  to  50% 

2-Upper  slope       2-Straight           T=Rare  to  1%  4=50  to  75% 

3-Mid  slope        3-Concave  (wet)       1=1  to  5%           5=75  to  95% 

4-Lower  slope       4-Undulating         2=5  to  25%    6=95  to  100% 

5-Bench  or  flat                        ...mr   d  .        r    ,,.  m, 
,  _.                                   NOTE:   Rate  trees  (>A"   dbh) 
6-Stream  bottom                         ,       ,_  ...  ..,;, 

and  regen  (0-4"  dbh)  separatt 

Plot  No. 

Location 
T,  R,  S 

Elevation 

Aspect 

Slope 

% 

% 

% 

Topography 

Configuration 

ly  (e.g.,  4/2) 

TREES  Scientific  Name                Abbrev          Common  Name 

Canopy  Coverage  Class 

1.  Abies  grandis                     M3GR      grand  fir 

2.  Abies  lasiocarpa                  ABLA      subalpine  fir 

3.  Larix  lyallii                     LALY      alpine  larch 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

4.  Larix  occidentalis                 LAOC      western  larch 

5.  Picea  engelmannii                 PIEN      Engelmann  spruce 

6.  Picea  glauca                      PIGL      white  spruce 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/  • 

/ 

7.  Pinus  albicaulis                  PIAL      whitebark  pine 

8.  Pinus  contorta                    PICO      lodgepole  pine 

9.  Pinus  flexilis                    PIFL      limber  pine 

/ 

/ 

/ 

7 

/ 

/ 

7 

/ 

/ 

10.  Pinus  monticola                   PIMO      western  white  pine 

11.  Pinus  ponderosa                   PIPO      ponderosa  pine 

12.  Pseudotsuga  menziesii              PSME      Douglas-fir 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

13.  Thuja  plicata                     THPL      western  redcedar 

14.  Tsuga  heterophylla                TSHE      western  hemlock 

15.  Tsuga  mertensiana                 TSME      mountain  hemlock 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

SHRUBS  AND  SUBSHRUBS 

1.  Alnus  sinuata                     ALSI      Sitka  alder 

2.  Arctostaphylos  uva-ursi            ARUV      kinnikinnick 

3.  Berberis  repens                   BERE      creeping  Oregon  grape 

4.  Cornus  canadensis                 COCA      bunchberry  dogwood 

5.  Holodiscus  discolor                HODI      ocean  spray 

6.  Juniperus  communis  (+  horizontalis)  JUCO      common  (+  creeping)  iuniper 

7.  Ledum  glandulosum                 LEGL      Labrador  tea 

8.  Linnaea  borealis                  LIBO      twinf lower 

9.  Menziesia  ferruginea               MEFE      menziesia 

10.  Oplopanax  horridum                OPHO      devil's  club 

11.  Physocarpus  malvaceus              PHMA      ninebark 

12.  Prunus  virginiana                 PRVI      chokecherry 

13.  Purshia  tridentata                 PUTR      bitterbrush 

14.  Ribes  montigenum                  RIMO      mountain  gooseberry 

15.  Shepherdia  canadensis              SHCA      buffaloberry 

16.  Spiraea  betulifolia                SPBE      white  spiraea 

17.  Symphoricarpos  albus               SYAL      common  snowberry 

18.  Symphoricarpos  oreophilus           SYOR      mountain  snowberry 

19.  Vaccinium  caespitosum               VACA      dwarf  huckleberry 

20.  Vaccinium  globulare  (+  membranaceum)  VAGL      blue  huckleberry 

21.  Vaccinium  scoparium  (+  myrtillus)    VASC      grouse  whortleberry 

PERENNIAL  GRAMINOIDS 

1.  Agropyron  spicatum                AGSP      bluebunch  wheatgrass 

2.  Andropogon  spp.                   AND      bluestem 

3.  Calamagrostis  canadensis           CACA      bluejoint 

4.  Calamagrostis  rubescens            CARU      pinegrass 

5.  Carex  geyeri                     CAGE      elk  sedge 

6.  Festuca  idahoensis                 FEID      Idaho  fescue 

7.  Festuca  scabrella                 FESC      rough  fescue 

8.  Luzula  hitchcockii  (=  glabrata)      LUHI      wood-rush 

PERENNIAL  FORBS  AND  FERNS 

1 .  Actaea  rubra                     ACRU      baneberry 

2.  Antennaria  racemosa                ANRA      woods  pussytoes 

3.  Aralia  nudicaulis                 ARNU      wild  sarsaparilla 

4.  Arnica  cordifolia                 ARCO      heartleaf  arnica 

5.  Athyrium  filix-femina              ATFI      lady  fern 

6.  Balsamorhiza  sagittata             BASA      arrowleaf  balsamroot 

7.  Clematis  pseudoalpina  (+  tenuiloba)   CLPS      virgin's  bower 

8.  Clintonia  uniflora                CLUN      queencup  beadlily 

9.  Equisetum  arvense                 EQAR      common  horsetail 

10.  Equisetum  spp.                    EQU       horsetails  6  scouring  rush 

11.  Galium  triflorum                  GATR      sweetscented  bedstraw 

12.  Gymnocarpium  dryopteris            GYDR      oak  fern 

13.  Senecio  streptanthifol ius           SEST      cleft -leaf  groundsel 

14.  Senecio  triangularis               SETR      arrowleaf  groundsel 

15.  Smilacina  stellata                SMST      starry  Solomon's  seal 

16.  Streptopus  amplexifolius            STAM      twisted  stalk 

17.  Thalictrum  occidentale             THOC      western  meadowrue 

18.  Valeriana  sitchensis               VASI      sitka  valerian 

19.  Viola  orbiculata                  VIOR      round-leaved  violet 

20.  Xerophyllum  tenax                 XETE      beargrass 

. 

SERIES 

HABITAT  TYPE 

PHASE  1 
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APPENDIX  G--Glossary 

The  following  terms  are  defined  in  relation  to  our  specific  usage  in  this  report. 
These  definitions  should  minimize  misunderstanding  resulting  from  the  fact  that  tech- 
nical specialists  have  various  definitions  for  some  of  these  terms.   Hanson  (1962) 
and  Ford-Robertson  (1971)  were  used  as  primary  references. 

Abundant.      When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species  having 
a  canopy  coverage  of  25  percent  or  more  in  a  stand. 

Accidental.      A  species  that  is  found  rarely  or  at  most  occasionally  as  scattered 
individuals  in  a  given  habitat  type. 

Association.      Climax  plant  (forest)  community  type. 

Basal  area.      The  area  of  the  cross-section  of  a  tree  trunk  4.5  feet  above  the  ground, 
usually  expressed  as  the  sum  of  tree  basal  areas  in  square  feet  per  acre. 

Bench,   benchland.      An  area  having  flat  or  gently-sloping  terrain  (less  than  15  percent 
slope),  applied  usually  to  the  higher  ground  in  a  river  valley. 

Browse.      Shrubby  forage  utilized  especially  by  big  game. 

Canopy  coverage.      The  area  covered  by  the  gross  outline  of  an  individual  plant's  foliage, 
or  collectively  covered  by  all  individuals  of  a  species  within  a  stand  or  sample 
plot.  Canopy  coverage  is  expressed  as  a  percentage  of  the  total  area  in  the  plot, 
or  as  a  canopy  coverage  class  (for  example,  class  #1  =  1  to  5  percent  coverage). 

Climax  community.      The  culminating  stage  in  plant  (forest)  succession  for  a  given 

environment,  that  develops  and  perpetuates  itself  in  the  absence  of  disturbance. 

Climax  species.      A  species  that  is  self-regenerating  in  the  absence  of  disturbance  with 
no  evidence  of  replacement  by  other  species. 

Climax,    types  of   . . .  in  relation  to  environment  (Polyclimax  Concept). 

Climatic  climax.      The  climax  that  develops  on  "normal"  (well-drained,  medium- 
textured)  soils  and  gently  sloping  topography. 

Edaphic  climax.      A  variation  from  the  climatic  climax  caused  by  "abnormal" 
soil  conditions. 

Topographic  climax.      A  variation  from  the  climatic  climax  caused  by  topography 
that  markedly  influences  microclimate. 

Topo-edaphic  climax.      A  variation  from  the  climatic  climax  caused  by  the 

combination  of  topographic  and  edaphic  effects.   (Example:  Larix  lyallii 
stands  occupying  north-slope  boulder  piles.) 

Common.      When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species  having  a 
canopy  coverage  of  1  percent  or  more  in  a  stand. 
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Community    (plant  community).      An  assembly  of  plants  living  together,  reflecting  no 
particular  ecological  status. 

Constancy.      The  percentage  of  stands  in  a  habitat  type  that  contain  a  given  species. 
(Appendix  C-l  uses  "constancy  classes"--"l"  =  5  to  15  percent,  "2"  =  15  to  25 
percent,  etc.) 

d.b.h.      (diameter  at  breast  height).      Tree-trunk  diameter  measured  4.5  feet  above  the 
ground . 

Depauperate.      Describing  an  unusually  sparse  coverage  of  undergrowth  vegetation.   This 
condition  usually  develops  beneath  an  especially  dense  forest  canopy,  often  on 
sites  having  a  deep  layer  of  duff. 

Ecosystem.      Any  community  of  organisms  along  with  its  environment,  forming  an 
interacting  system. 

Ecotone.      The  boundary  or  transition  zone  between  adjacent  plant  communities,  often 
representing  different  habitat  types. 

Edaphic.      Refers  to  soil. 

Forb.      An  herbaceous  plant  that  is  not  a  graminoid. 

Frequency.      The  percentage  of  quadrats  (tiny  plots)  in  a  single  sample  stand  that 

contain  a  given  species,  or  more  generally  the  degree  of  uniformity  with  which 
individuals  of  a  species  are  distributed  in  a  stand. 

Graminoid.      All  grasses  (Gramineas)   and  grasslike  plants,  including  sedges  (Carex)   and 
rushes  (Juncus) . 

Habitat  type.      An  aggregation  of  all  land  areas  potentially  capable  of  producing  similar 
plant  communities  at  climax. 

Indicator  plant.      A  plant  whose  presence  or  abundance  indicates  the  presence  of  certain 
environmental  conditions--presence  of  a  habitat  type  or  phase. 

Phase.      A  subdivision  of  an  association  and  a  habitat  type  representing  minor 

differences  in  climax  vegetation  and  environmental  conditions,  respectively. 

Phenotype.      A  group  of  individuals  distinguished  on  the  basis  of  visible  characteristics- 
in  contrast  to  a  "genotype"  which  is  defined  on  the  basis  of  genetic  similarities. 

Poorly  represented.      When  relating  to  plant  coverage  in  the  habitat  type  key,  any 
species  that  is  absent  or  has  a  canopy  coverage  of  less  than  5  percent. 

Riparian.      Vegetation  bordering  watercourses,  lakes,  or  swamps;  it  requires  a  high  water 
table. 

Scarce.      When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species  that  is 
absent  or  has  a  canopy  coverage  of  less  than  1  percent. 

Scree.      Any  slope  covered  with  loose  rock  fragments.   Forested  scree  (abbreviated  SCREE) 
is  a  term  for  certain  topo-edaphic  climaxes  that  are  described  under  OTHER 
VEGETATION  TYPES  in  this  report. 
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Serai.      A  species  or  community  that  is  replaced  by  another  species  or  community  as 
succession  progresses. 

Series.      A  group  of  habitat  types  having  the  same  climax  tree  species.   For  example  the 
Pinus  flexilis   series  contains  the  PIFL/AGSP,   PIFL/FEID,    and  PIFL/JUCO   h.t.s. 

Site  index.      An  index  of  timberland  productivity  based  upon  the  height  of  specific  trees 
at  a  certain  reference  age  (usually  50  or  100  years). 

Stand.      A  plant  community  that  is  relatively  uniform  in  composition,  structure,  and 

habitat  conditions;  thus  it  may  serve  as  a  local  example  of  a  community  type  on  a 
habitat  type. 

Stockability  factor.      An  estimate  of  the  stocking  potential  on  a  given  site;  for  example 
a  factor  of  0.8  indicates  that  the  site  is  capable  of  supporting  only  about  80 
percent  of  "normal"  stocking  as  indicated  in  yield  tables. 

Stocking.        A  general  term  for  the  number  of  trees  (considering  their  size  class)  per 
acre. 

Succession.      The  progressive  changes  in  plant  communities  toward  climax. 

Union.      One  or  more  species  having  similar  environmental  amplitudes  within  a  geographic 
area;  thus  their  presence  is  indicative  of  certain  microenvironmental  conditions. 

Well  represented.      When  relating  to  plant  coverage  in  the  habitat  type  key,  any  species 
having  a  canopy  coverage  of  greater  than  5  percent. 

Yield  capability.      The  maximum  mean  annual  increment  attainable  in  a  fully  stocked 

natural  stand,  expressed  in  cubic  feet  per  acre  per  year.   (See  a  forest  mensura- 
tion textbook  for  the  distinction  between  "mean  annual  increment"  and  "periodic 
annual  increment";  growth  in  a  specific  year,  or  period  of  years,  is  termed  the 
latter.) 
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Figure  7. --Key  to  climax  series,  habitat  types,  and  phases  (4  pages) 

Appendix  C-2. --Presence  list:  numbers  of  sample  stands  where  each 
species  occurred,  by  habitat  type  and  phase.  (2   sheets) 

Appendix  F. --Montana  habitat  type  field  form.   (1  page) 

Examples  of  forest  habitat  types  in  Montana  (1  sheet) 
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B.   Key  to  Pinus  ponderosa  Habitat  Types 

1.   Prunus  virgimana  well  represented;  only  in  southeastern  Montana PINUS  PONDEROSA/PRUNUS  VIRCINIANA  h  t  fp  34) 

a.  Shepherdia  canadensis  well  represented  SHEPHERD1A  CANADENSIS  phase 

b.  Shepherdia  poorly  represented   PR1|,,US  VIRCINIANA  phase 

1-   P-  vi rginiana  poorly  represented  2 

2.   Symphoncarpos  albus  well  represented   pINUS  PONDEROSA/SYMPHORICARPOS  ALBUS  h  t  (p   33) 

a.  Berbens  repens  common BERBERIS  REPENS  phase 

b.  Berbens  scarce SYMPHORICARPOS  ALBUS  phase 

2.   S.  albus  poorly  represented   3 

3.  Turshia  tridentata  well  represented  pINUS  PONDEROSA/PURSHIA  TRIDENTATA  h  t  (p  32) 

a.  Festuca  idahoensis  well  represented  or  F.  scabrella  common  .  .        FESTUCA  IDAHOENSIS  phase 

b.  F.  idahoensis  poorly  represented  and  F.  scabrella  scarce  .  .  .        AGROPYRON  SPICATUM  phase 
3.   Purshia  poorly  represented  4 

4.   Festuca  idahoensis  well  represented  or  F.  scabrella  common  PINUS  PONDEROSA/ FESTUCA  IDAHOENSIS  h  t  (p  31) 

a.  Festuca  scabrella  common  FESTUCA  SCABRELLA  phase 

b.  F.  scabrella  scarce   FESTUCA  IDAHOENSIS  phase 

*•   £■  idahoensis  poorly  represented  and  F.  scabrella  scarce  5 

5.   Agropyron  spicatum  well  represented  PINUS  PONDER0SA/AGR0PYR0N  SPICATUM  h  t  (p  30) 

5.   A.  spicatum  poorly  represented;  Andropogon  spp.  well  represented  PINUS  PONDEROSA/ ANDROPOGON  h.t.(p.  30) 

C-   Key  to  Pseudotsuga  menziesii  Habitat  Types 

1.  Vaccinium  caespitosum  present  PSEUDOTSUCA  MENZIESI I/VACCINIUM  CAESPITOSUM  h.t.(p.  39) 

1 .  V.  caespi  tosum  absent 2 

2.  Physocarpus  malvaceus  or  Holodiscus  discolor  well  represented   .  .   PSEUDOTSUCA  MENZIESI I/PHYSOCARPUS  MALVACEUS  h.t.(p.  4I| 

a.  Calamagrost  is  rubescens  and/or  Carex  geyeri  are  the 

dominant  undergrowth   CALAMAGROSTIS  RUBESCENS  phase 

b.  Physocarpus  and/or  Holodiscus  dominate  the  undergrowth PHYSOCARPUS  MALVACEUS  phase 

2.  Physocarpus  and  Holodiscus  poorly  represented   3 

3.  Llnnaea  borealis  common  PSEUDOTSUGA  MENZIESI I/LINNAEA  BOREALIS  h.t.(p.  44) 

a.  Symphoricarpos  albus  well  represented  SYMPHORICARPOS  ALBUS  phase 

b.  Vaccinium  globulare  well  represented   VACCINIUM  GLOBULARE  phase 

c.  Not  as  above CALAMAGROSTIS  RUBESCENS  phase 

3.  Linnaea  scarce   4 

4.  Vaccinium  globulare  or  Xerophyl luro  tenax  well  represented   ....    PSEUDOTSUGA  MENZIESI I/VACCINIUM  GLOBULARE  h.t.fp.  43) 

a.  Arctostaphylos  uva-ursi  and  Pinus  ponderosa  common   ARCTOSTAPHYLOS  UVA-URSI  phase 

b.  Xerophyllum  common   XEROPHYLLUM  TENAX  phase 

c.  Not  as  above VACCINIUM  GLOBULARE  phase 

4.  Vaccinium  globulare  and  Xerophyl lum  tenax  poorly  represented  ...   S 

S.  Symphoricarpos  albus  well  represented  PSEUDOTSUGA  MENZIESI I /SYMPHORICARPOS  ALBUS  h.t.(p.  4S1 

a.  Bunchgrasses  well  represented  in  old-growth  stands   AGROPYRON  SPICATUM  phase 

b.  Calamagrostis  rubescens  well  represented   CALAMAGROSTIS  RUBESCENS  phase 

c.  Not  as  above SYMPHORICARPOS  ALBUS  phase 

5.  S.  albus  poorly  represented  6 

6.  Calamagrostis  rubescens  well  represented  PSEUDOTSUGA  MENZIESI I/CALAMAGROSTIS  RUBESCENS  h.t.(p.  471 

a.  Bunchgrasses  well  represented  in  old-growth  stands   AGROPYRON  SPICATUM  phase 

b.  Arctostaphylos  uva-ursi  common;  sites  capable  of 
supporting  Pinus  ponderosa  and  not  too  dry  for 

Pinus  contorta  (or  Larix  occidentalis)   ARCTOSTAPHYLOS  UVA-URSI  phase 

c.  Pinus  ponderosa  common   PINUS  PONDEROSA  phase 

d.  Not  as  above CALAMAGROSTIS  RUBESCENS  phase 

6.  C.  rubescens  poorly  represented   7 

7.  Carex  geyeri  well  represented  PSEUDOTSUGA  MENZIESI I/CAREX  GEYERI  h.t.fp.  SI) 

7.  C.  geyeri  poorly  represented   8 

8.  Arctostaphylos  uva-ursi  well  represented  and  Pinus  ponderosa 

present   PSEUDOTSUGA  MENZIESI I /ARCTOSTAPHYLOS  UVA-URSI  h.t.(p.  52) 

8.  Arctostaphylos  poorly  represented  or  stands  above  elevational 

limits   of  Pinus  ponderosa  9 

9.  Juniperus  communis  (or  J.  hori zontalis)  dominates  the  undergrowth  .  .    PSEUDOTSUGA  MENZIESI I/JUNIPERUS  COMMUNIS  h.t.(p.  S3) 
9.  J.  communis  not  the  dominant  undergrowth  plant   10 

10.  Spiraea  betulifolia  well  represented  PSEUDOTSUGA  MENZIESI I/SPIRAEA  BETULIFOLIA  h.t.fp.  52) 

10.  S_.  betul  i  fol  la  poorly  represented 11 

11.  Arnica  cordifolia  or  Antennaria  racemosa  the  dominant  undergrowth  .  .    PSEUDOTSUGA  MENZIESI I/ARNICA  C0RD1FOLIA  h . t . (p.  54) 
11.  A.  cordi  folia  and  A.  racemosa  not  the  dominant  undergrowth 12 

12.  Festuca  scabrella  common  PSEUDOTSUGA  MENZIESI I /FESTUCA  SCABRELLA  h.t.fp.  38) 

12.  £.  scabrel  la  scarce 13 

13.  Symphoricarpos  oreophi lus  well  represented  and  Festuca  idahoensis 

scarce   PSEUDOTSUCA  MENZI ESI I/SYMPHORICARPOS  OREOPHILUS  h.t.fp.  55) 

13.  Not  as  aoove 14 

14.  Festuca  idahoensis  common;  Pinus  ponderosa  scarce   .  PSEUDOTSUGA  MENZIESI I/FESTUCA  IDAHOENSIS  h.t.fp.  38) 

14.  £.  idahoensis  usually  scarce;  Agropyron  spicatum  well 

represented;  Pinus  ponderosa  usually  common   PSEUDOTSUGA  MENZIESII /AGROPYRON  SPICATUM  h.t.fp.  37) 


— 


Figure  7.  --  Key  to  climax  series,  habitat  types,  and  phases. 


READ  THESE  INSTRUCTIONS  FIRST! 

1.  Use  this  key  for  stands  with  a  mature  tree  canopy 
that  arc  not  severely  disturbed  by  grazing,  logging, 
forest  fire,  etc   (If  the  stand  is  severely  disturbed 
or  in  an  early  successional  stage,  the  habitat  type 
can  best  be  determined  by  extrapolating  from  the  near- 
est mature  stand  occupying  a  similar  site.) 

2.  Accurately  identify  and  record  canopy  coverages  for 
all  indicator  species  (appendix  F)  . 

3.  Check  plot  data  in  the  field  to 
verify  that  the  plot  is  representa- 
tive of  the  stand  as  a  whole.   If 
not,  take  another  plot. 

4.  Identify  the  correct  potential 
climax  tree  species  in  the  SERIFS 
key.   (Generally,  a  tree  species 
is  considered  reproducing  suc- 
cessfully if  10  or  more  individ- 
uals per  acre  occupy  or  will 
occupy  the  site.) 

5.  Within  the  appropriate  series, 
key  to  HABITAT  TYPE  by  following 
the  key  literally.   Determine 
PHASE  by  matching  the  stand  con- 
ditions with  the  phase  descrip- 
tions for  the  type.   (The  first 


phase  description  that  fits  the  stand  is  the  correct 
one. ) 

Che  definitions  diagramed  below  for  canopy  cover- 
age terms  in  the  key.   If  you  have  difficulty  decid- 
ing between  types,  refer  to  constancy  and  coverage 
data  (appendix  C-l)  and  the  habitat  type  descriptions. 

In  stands  where  undergrowth  is  obviously  depauperate 
(unusually  sparse)  because  of  dense  shading  or  duff 
accumulations,  adjust  the  above  definitions  to  the 
next  lower  coverage  class  (e.g.,  well  represented  >1%, 
common  >0%) . 

Remember,  the  key  is  NOT  the  classification!  Validate 
the  determination  made  using  the  key  by  checking  the 
written  description. 


Percent 
Canopy  Coverage_ 


_0%    1%   5% 


75%     957.    100Z 


KEY  TO  CLIMAX  SERIES 

(DO  NOT  PROCEED  UNTIL  YOU  HAVE  READ  THE  INSTRUCTIONS!) 

1.   Habitats  on  steep  slopes  (30°)composed  primarily  of  unstable 

fine  rock;  undergrowth  sparse,  poorly  developed  and  quite  variable.  .  .  .  SCREE  (p.  121) 

1.   Habitats  on  sites  with  some  soil  development  and  stability; 

undergrowth  rather  well  developed  and  somewhat  uniform 2 

2.   Tsuga  heterophylla  present  and  reproducing  successfully  TSUGA  HETEROPHYLLA  SERIES  (item  G) 

2-   Tsuga  heterophylla  not  the  indicated  climax  3 

5.   Thuja  plicata  present  and  reproducing  successfully THUJA  PLICATA  SERIES  (item  F) 

3.   Thuja  plicata  not  the  indicated  climax 4 

4"   Abies  grandis  present  and  reproducing  more  successfully  than 

Abies  lasiocarpa ABIES  GRANDIS  SERIES  (item  E) 

4.   Abies  grandis  not  the  indicated  climax S 

5.   Abies  lasiocarpa,  Tsuga  mertensiana,  or  Larix  lyallii  present  and 

reproducing  successfully,  or  Pinus  albicaulis  the  dominant  tree  ABIES  LASIOCARPA  SERIES  (item  I) 

5.   Not  as  above 6 

6-   Picea  present  and  reproducing  successfully PICEA  SERIES  (item  D) 

6.   Picea  not  the  indicated  climax 7 

7.   Pinus  flexilis  a  successfully  reproducing  dominant;  often  sharing  that 

status  with  Pseudotsuga  PINUS  FLEXILIS  SERIES  (item  A) 

7.   Pinus  flexilis  absent  or  clearly  serai 8 

8.   Pseudotsuga  menziesii  present  and  reproducing  successfully PSEUDOTSUGA  MENZIESII  SERIES  (item  C) 

8.   Pseudotsuga  menziesii  not  the  indicated  climax 9 

9.   Pure  Pinus  contorta  stands,  with  little  evidence  as  to  potential 

climax ^ PINUS  CONTORTA  SERIES  (item  H) 

9.   Pinus  contorta  absent;  Pinus  ponderosa  the  indicated  climax  PINUS  PONDEROSA  SERIES  (item  B) 


A.   Key  to  Pinus  flexilis  Habitat  Types 


Festuca  idahoensis  well  represented  or  F.  scabrella  common PINUS  FLEXILIS/FESTUCA  IDAHOENSIS  h.t.  (p.  25) 

a.  Festuca  scabrella  common FESTUCA  SCABRELLA  phase 

b.  F.  scabrella  scarce  FESTUCA  IDAHOENSIS  phase 

F.  idahoensis  poorly  represented  and  F.  scabrella  scarce 2 

2.   Agropyron  spicatum  well  represented  PINUS  FLEXILIS/AGROPYRON  SPICATUM  h.t.  (p.  24) 

2.   A.  spicatum  poorly  represented;  Juniperus  communis 

(or  J.  horizontal  is)  well  represented  .  .  .  .  . PINUS  FLEXILIS/JUNIPERUS  COMMUNIS  h.t. (p.  26) 
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APPENDIX   F 
Montana  habitat   type  field  form    (for  3  plots) 


NAME 

DATE 

[CODE  DESCRIPTION) 

HORIZONTAL 

TOPOGRAPHY:         CONFIGURATION:        CANOPY  COVERAGE  CLASS: 

1-Ridge             1-Convex  (dry)        0=Absent      3=25  to  50% 

2-Upper  slope       2-Straight           T=Rare  to  1%   4=50  to  75% 

3-Mid  slope         3-Concave  (wet)       1=1  to  5%     5=75  to  95% 

4-Lower  slope       4-Undulating          2=5  to  25%    6=95  to  100% 

5-Bench  or  flat                       .lrtTr   n  _        ,  ...  ,.,, 
,  _      ,  „                            NOTE:   Rate  trees  f>4"  dbh) 
6-Stream  bottom                           ,       ,-  ...  ...  , 

and  regen  (0-4*  dbh)  separate 

Plot  No. 

Location 

t,  R,  S 

1  1 e va  t  i  on 

V;]X'i  t 

Slope 

° 

% 

% 

Topography 

Configuration 

Iy  (e.g.,  4/2) 

TREES   Scientific  Name                  Abbrev           Common  Name 

Canopy  Coverage  Class 

1.  Abies  grandis                      ABGR      grand  fir 

2.  Abies  lasiocarpa                  ABLA      subalpine  fir 

3.  Larix  lyallii                       LALY      alpine  larch 

/ 

/ 

/ 

/ 

/ 

1 

/ 

/ 

/ 

4.  Larix  occidentalis                  LAOC      western  larch 

5.  Picea  engelmannii                   PIEN      Engelmann  spruce 

6.  Picea  glauca                      PIGL      white  spruce 

/ 

/ 

I 

/ 

/ 

1 

/ 

/  ■ 

I 

7.  Pinus  albicaulis                  PIAL      whitebark  pine 

8.  Pinus  contorta                    PICO      lodgepole  pine 

9.  Pinus  flexilis                      PIFL      Umber  pine 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

1 

10.  Pinus  monticola                   PIMO      western  white  pine 

11.  Pinus  ponderosa                   PIPO      ponderosa  pine 

12 .  Pseudotsuga  menziesii               PSME      Douglas-fir 

/ 

/ 

1 

/ 

/ 

1 

/ 

/ 

1 

13.  Thuja  plicata                     THPL      western  redcedar 

14.  Tsuga  heterophylla                TSHE      western  hemlock 

15.  Tsuga  mertensiana                   TSME      mountain  hemlock 

/ 

/ 

1 

/ 

/ 

1 

/ 

/ 

1 

SHRUBS  AND  SUBSHRUBS 

1.  Alnus  sinuata                     ALSI      Sitka  alder 

2.  Arctostaphylos  uva-ursi            ARUV      kinnikinnick 

3.  Berberis  repens                   BFRI      creeping  Oregon  grape 

4.  Cornus  canadensis                   COCA      bunchberry  dogwood 

5.  Holodiscus  discolor                H0DI      ocean  spray 

6.  Juniperus  communis  {'  +  horizontalis)   JUC0      common  ('  +  creeping)  "juniper 

7.  Ledum  glandulosum                   LEGL      Labrador  tea 

8.  Linnaea  borealis                  LIB0      twinflower 

9.  Menziesia  ferruginea                MEFE      menziesia 

10.  Oplopanax  horridum                  0PH0      dev i 1 ' s  club 

11.  Physocarpus  malvaceus              PHMA      ninebark 

12.  Prunus  virginiana                   PR VI      c hokec herrv 

13.  Purshia  trident ata                 PUTR      bitterbrush 

14.  Ribes  montigenum                  RIMO      mountain  gooseberry 

15.  Shepherdia  canadensis              SHCA      buffaloberry 

16.  Spiraea  betuli folia                SPBE      white  spiraea 

17 .  Symphoricarpos  albus               SYAL      common  snowberry 

18 .  Symphoricarpos  oreophilus           SYOR      mountain  snowberry 

29.   Vaccinium  caespitosum               VACA      dwarf  huckleberry 

20.  Vaccinium  globulare  (+  membranaceum)  VAGL      blue  huckleberry 

21.  Vaccinium  scoparium  (+  myrtillus)    VASC      grouse  whortleberry 

PERENNIAL  GRAMINOIDS 

1 .  Agropyron  spicatum                  AGSP      bluebunch  wheatgrass 

2.  Andropogon  spp.                   AND      bluestem 

3 .  Calamagrostis  canadensis           CACA      blue joint 

4 .  Calamagrostis  rubes cens            CARU      pinegrass 

5.  Carex  geyeri                     CAGE      elk  sedge 

6.  Festuca  idahoensis                  FEID      Idaho  fescue 

7.  Festuca  scabrella                 FESC      rough  fescue 

8.  Luzula  hitchcockii  (=  glabrata)      LUHI      wood-rush 

PERENNIAL  FORBS  AND  FERNS 

1.  Actaea  rubra                     ACRU      baneberry 

2.  Antennaria  racemosa                ANRA      woods  pussytoes 

3.  Aralia  nudicaulis                 M-'.'.n      wild  sarsaparilla 

4.  Arnica  cordifolia                 ARCO      heartleaf  arnica 

5.  Athyrium  filix-femina              ATFI      lady  fern 

6 .  Bal samorhiza  sagittata              BASA      arrowleaf  balsamroot 

7.  Clematis  pseudoalpina  (+  tenuiloba)   CLPS      virgin's  bower 

8.  Clintonia  uniflora                CLUN      queencup  beadlily 

9.  Equisetum  arvense                 EQAR      common  horsetail 

10.  Equisetum  spp.                      EQU       horsetails  $  scouring  rush 

11.  Galium  triflorum                  GATR      sweetscented  bedstraw 

12.  Gymnocarpium  drvopteris            GYDR      oak  fern 

13.  Senecio  streptanthifol ius           SEST      cleft-leaf  groundsel 

14.  Senecio  triangularis               SETR      arrowleaf  groundsel 

15.  Smilacina  stellata                SMST      starry  Solomon 's  seal 

16.  Streptopus  amplexifolius            STAM      twisted  stalk 

17.  Thalictrum  occidentale             THOC      western  meadowrue 

18.  Valeriana  sitchensis               VASI      sitka  valerian 

19.  Viola  orbiculata                  VIOR      round-leaved  violet 

20.  Xerophyllum  tenax                 XETE      beargrass 

SERIES 

PUBLISHED  AS  PART  OF  "FOREST  HABITAT  TYPES  OF  MONTANA"  -  INT  1977         HABITAT  TYPE 

PHASE 

D.   Key  to  Picea  Habitat  Types 

1.  Equisetum  spp.  abundant  PICEA/EQU1SETUM  ARVENSE  h.t.(p.  58) 

Equisetum  spp.  not  abundant 2 

2.  Clintonia  uni  flora,  Cornus  canadensis ,  or  Aralia  nudicaulis 

present  (sites  in  northwestern  Montana) PICEA/CLINTONIA  UNIFLORA  h.t.fp.  59) 

a.  Vaccinium  caespitosum  present   VACC1NIUM  CAESPITOSUM  phase 

b.  V.  caespitosum  absent   CLINTONIA  UNIFLORA  phase 

2.  Not  as  above 3 

3.  Physocarpus  malvaceus  well  represented   PICEA/PHYSOCARPUS  MALVACEUS  h.t.fp.  61) 

3.  Physocarpus  poorly  represented   4 

4.  Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Streptopus  amplexi folius ,  Actaea  rubra  PICEA/GAL1UM  TRI FLORUM  h . t . (p.  62) 

4.  Not  as  above 5 

5.  Vaccinium  caespitosum  present  PICEA/VACCINIUM  CAESPITOSUM  h . t . (p.  62) 

5.  V.  caespitosum  absent  6 

6.  Linnaea  borealis  common   PICEA/LINNAEA  BOREALIS  h.t.(p.  64) 

6 .  Linnaea  scarce  7 

7.  Smilacina  stellata  or  Thalictrum  occidentale  present   PICEA/SMILACINA  STELLATA  h.t.(p.  65) 

7.  Not  as  above;  Senecio  streptanthi folius  present;  undergrowth 

depauperate  PICEA/SENECIO  STREPTANTHI FOLIUS  h.t.fp.  63) 

a.  Pseudotsuga  menziesii  common  PSEUDOTSUCA  MENZIESII  phase 

b.  Pseudotsuga  scarce  (stands  above  its  elevational  limits)  ....   PICEA  phase 


E.   Key  to  Abies  grandis  Habitat  Types 

1.  Clintonia  uniflora  present ABIES  CRANMS/CLINTONIA  UNIFLORA  h.t.(p.  67) 

a.  Aral ia  nudicaul is ,  Gymnocarpium  dryopteris ,  or 

Athynum  filix-  femina  common ARALIA  NUDICAULIS  phase 

b.  Xerophyllum  tenax  well  represented   XEROPHYLLUM  TENAX  phase 

c.  Not  as  above CLINTONIA  UNIFLORA  phase 

1.  CI intonia  absent  2 

2.  Linnaea  borealis  common  ABIES  GRANDIS/LINNAEA  BOREALIS  h.t.(p.  69) 

a.  Xerophyllum  tenax  well  represented   XEROPHYLLUM  TENAX  phase 

b.  Xerophyl lum  poorly  represented  LINNAEA  BOREALIS  phase 

2.  Linnaea  scarce;  Xerophyllum  common   ABIES  GRANDIS/XEROPHYLLUM  TENAX  h.t.(p.  69) 


F.  6  G.   Key  to  Thuja  and  Tsuga  heterophylla  Habitat  Types 

1.  Oplopanax  horridum  well  represented   THUJA  PLICATA/OPLOPANAX  HORRIDUM  h.t.fp.  73) 

1.  Oplopanax  poorly  represented  2 

2.  Tsuga  heterophylla  present  and  reproducing  successfully  ....    TSUGA  HETEROPHYLLA/CLINTONIA  UNIFLORA  h.t.fp.  74) 

a.  Aralia  nudicaul is ,  Gymnocarpium  dryopteris ,  or 

Athynum  f  l  lix-  femina  common ARALIA  NUDICAULIS  phase 

b.  Not  as  above CLINTONIA  UNIFLORA  phase 

2.  Tsuga  heterophylla  absent  or  not  reproducing  successfully  .  .  .    THUJA  PLICATA/CLIMTONIA  UNIFLORA  h.t.fp.  71) 

a.  Aralia  pudicaulis,  Gymnocarpium  dryopteris,  or 

Athyrium  f i lix- femina  common   ....  ARALIA  NUDICAULIS  phase 

b.  Men2iesia  ferruginea  common  MENZIESIA  FERRUGINEA  phase 

c.  Not  as  above CLINTONIA  UNIFLORA  phase 


H.   Key  for  Pinus  contorta  Communities 

1.  Clintonia  uniflora  present  ABIES  LASIOCARPA/CLINTONIA  UNIFLORA  h.t.fp.  82) 

1.  Clintonia  absent  2 

2.  Two  of  these  moist-site  forbs  present:  Galium  triflorum, 

Actaea  rubra,  Streptopus  amplexi folius   .  .  .  ....  ABIES  LASIOCARPA/GALIUM  TRIFLORUM  h . t . (p .  86) 

2.  Not  as  above 3 

3.  Calamagrostis  canadensis  well  represented   ABIES  LASIOCARPA/CALAMAGROSTIS  CANADENSIS  h.t.fp.  88) 

3.  C_.  canadensis  poorly  represented 4 

4.  Vaccinium  caespitosum  present  PINUS  CONTORTA/VACCINIUM  CAESPITOSUM  comm.  typefp.  118) 

4.  V.  caespitosum  absent 5 

5.  Linnaea  borealis  common   PINUS  CONTORTA/ LINNAEA  BOREALIS  comm.  typefp.  119) 

5.  Linnaea  scarce  6 

6.  Xerophyllum  tenax  common   ABIES  LASIOCARPA/XEROPHYLLUM  TENAX  h.t.fp.  94) 

6.  Xerophyl lum  scarce   7 

7.  Vaccinium  globulare  well  represented  ABIES  LASIOCARPA/VACCINIUM  GLOBULARE  h.t.fp.  97) 

7.  V.  globulare  poorly  represented   8 

8.  Vaccinium  scoparium  well  represented   PINUS  CONTORTA/VACCINIUM  SCOPARIUM  comm.  typefp.  119) 

8.  V.  scoparium  poorly  represented  9 

9.  Calamagrostis  rubescens  well  represented  PINUS  CONTORTA/CALAMAGROSTIS  RUBESCENS  comm.  typefp.  120) 

9.  C.  rubescens  poorly  represented   10 

10.  Carex  geyeri  well  represented   ABIES  LASIOCARPA/CAREX  GEYERI  h.t.fp.  105) 

10.  C.  geyeri  poorly  represented   11 

11.  Juniperus  communis  (or  J.  hori zontalis)  the  major  undergrowth   .  .  PSEUDOTSUCA  MENZIESI I/JUNI PERUS>  COMMUNIS  h.t.fp.  53) 

11.  Not  as  above;  Purshla  tridentata  present PINUS  CONTORTA/ PURSH I A  TRIDENTATA  h.t.fp.  117) 
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ABSTRACT 


Reviews  mining  laws  and  regulations  and  their 
application  to  mining  in  western  States.  Describes 
prospecting,  exploration,  mine  development  and 
operation,  and  reclamation  factors. 
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FOREWORD 


"Anatomy  of  a  mine"  was  first  prepared  in 
looseleaf  form  as  an  aid  to  Forest  Service  land 
managers  and  other  administrators  with  min- 
eral area  responsibilities  in  summarizing  legis- 
lation affecting  mining,  defining  terms  used  in 
the  mining  industry,  and  discussing  basic  con- 
cepts of  mineral  explorations,  development, 
and  operations  in  the  West.  The  goal  then  as 
now,  was  to  foster  understanding  and  com- 
munication so  needs  for  minerals  and  forest 
and  range  land  surface  values  can  be  better  co- 
ordinated to  the  benefit  of  all. 

The  1975  guide  was  written  primarily  by  pri- 
vate mining  consultants,  with  coordination  by 
William  L.  Johnson,  Director,  Minerals  and  En- 
ergy Staff,  Intermountain  Region,  Forest  Ser- 
vice. It  quickly  became  very  popular  with  land 
managers  in  many  State  and  Federal  agen- 
cies. Planners,  environmentalists,  and  mining 
industry  personnel  sought  copies.  Many 
individuals  urged  that  the  information  be  pro- 
vided in  a  generally  available  form.  Thus, 
through  the  SEAM  program,  this  publication 
was  produced.  It  faithfully  retains  technical 
information  included  in  the  looseleaf  version 
although  revisions  have  been  made  in  some 
parts  of  the  presentation. 

The  support  and  encouragement  of  many 
individuals  and  organizations  who  contributed 
time  in  reviewing  material  for  "Anatomy  of  a 
mine"  is  gratefully  acknowledged.  We  hope 
that  the  publication  makes  a  contribution  to 
better  understanding  among  land  managers, 
planners,  environmental  groups,  the  public, 
and  the  mining  industry. 

Kenneth  C.  Scholz 

Program  Manager 

Surface  Environment  and  Mining  Program 


INTRODUCTION 


Western  North  America  produces  more  met- 
al and  mineral  products  today  than  any  other 
region  of  similar  size  in  the  world.  Beginning 
with  the  forty-niner's  discovery  of  gold,  there 
has  been  one  surge  of  mining  activity  after  an- 
other. Silver  in  the  Civil  War  era,  copper  at  the 
turn  of  the  century,  potash,  tungsten,  phos- 
phate, uranium,  beryllium,  to  name  but  a  few, 
have  gained  importance  in  turn  as  demand  for 
metal  and  mineral  products  increased  and  new 
advances  in  technology  were  made. 

When  contemplating  the  present  mineral 
production  of  the  western  United  States,  it  is 
difficult  to  imagine  how  undeveloped  much  of 
the  region  must  have  appeared  to  the  early  ex- 
plorers. The  natives  had  in  their  possession 
only  a  few  trinkets  of  gold,  silver,  and  copper, 
and  seemed  to  have  little  interest  in,  or  know- 
ledge of,  minerals.  The  discovery  of  placer 
gold  at  Sutter's  Mill  at  Coloma,  California,  in 
January  of  1848  was  the  first  of  many  events 
that  revealed  the  importance  of  the  rich  miner- 
al resources  of  the  West.  The  series  of  major 
new  mineral  discoveries  since  the  California 
gold  rush  seems  paced  almost  as  if  the  region 
were  some  sort  of  gigantic  mineral  warehouse 
stocked  with  new  commodities  for  use  as  they 
become  needed. 

Long  gone  are  the  days  when  mineral  ex- 
ploration consisted  of  probing  outcrops  of 
bold  gold  and  silver  veins.  The  list  of  minerals 
required  by  industry  today  includes  a  majority 
of  elements  on  the  chemist's  periodic  chart, 
and  the  variety  of  ore  deposits  in  which  they 
occur  is  so  great  that  no  one  individual  could 
possibly  be  competent  to  prospect  forthem  all. 
No  government  specialist,  academic  author- 
ity, or  corporate  expert  is  able  to  recognize  the 
surface  expression  of  all  ore  types  under  all 
conditions. 


The  era  of  the  legendary  mining  engineer, 
who  could  go  anywhere  in  the  world  and  brisk- 
ly size  up  the  ore  potential  of  any  kind  of  miner- 
al property,  passed  during  World  War  I.  The 
method  of  the  mining  engineer  was  to  examine 
and  sample  the  partially  developed  ore  depos- 
its found  by  early  gold  and  silver  prospectors, 
to  determine  if  other  metals  might  be  present, 
low  grade  ores  might  be  profitably  mined  by 
mechanized  methods  and  treated  by  one  of  the 
efficient  new  metallurgical  processes,  or  the 
property  incorporated  into  a  complex  of  mines, 
all  shipping  to  a  large,  efficient,  centralized 
smelter. 

The  modern  explorationist  goes  back  into 
areas  investigated  by  the  early  prospectors 
and  mining  engineers,  using  new  concepts  of 
ore  localization  and  techniques  of  search  for 
mineral  deposits  that  would  have  been  of  no 
interest  to  his  predecessors.  In  the  early  years 
of  mining,  there  was  no  market  for  most  of  the 
metals  mined  today.  Transportation  was  inade- 
quate, mechanized  equipment  and  technology 
for  development  and  treatment  of  the  ores 
were  lacking,  and  major  capital  was  not  avail- 
able for  investment  in  large  mine  develop- 
ments and  surface  plants. 

The  series  of  recent  major  discoveries  of  pre- 
viously unknown  deposits  of  such  materials  as 
uranium,  beryllium,  potash,  and  gold  makes  it 
very  clear  that  the  long-term  prediction  of  fu- 
ture mineral  discoveries  is  a  most  hazardous 
occupation.  It  is  not  possible  to  determine  that 
an  area  is  lacking  in  mineral  potential  when  the 
concept  of  the  ore  deposit  containing  it,  the 
method  of  exploring  for  it,  means  of  treatment, 
perhaps  even  the  very  use  of  it  are  totally  un- 
known today.  Therefore,  the  mineral  explor- 
ationist views  public  land  as  a  reserve  of  poten- 
tial  mineral   resources  in  the  very  broadest 


sense.  He  sees  his  task  as  the  efficient  future 
exploration  and  discovery  of  ore  deposits  of 
sufficient  number,  size,  and  quality  to  be  com- 
petitively developed.  In  his  view,  the  ultimate 
logical  extension  of  the  idea  that  the  Nation 
should  withdraw  certain  tracts  of  public  land 
for  specific  limited  uses  would  require  the  res- 
ervation of  extensive  areas  for  exploration  and 
and  development  of  mineral  resources. 

Mineral  values  per  acre  may  be  immense  in 
any  given  mineralized  area  These  values,  wheth- 
er known  or  potential,  should  be  considered 
carefully  in  land  use  planning,  particularly  if 
withdrawals  from  mineral  exploration  and  de- 
velopment are  contemplated. 

People  within  the  mining  industry  have  come 
to  view  with  skepticism  any  suggestion  for  tem- 
porary withdrawal  of  mineral  entry  in  a  given 
area, where  it  is  proposed  that  the  land  might 
later  be  opened  to  mining  if  the  need  becomes 
great  enough.  They  reason  that  the  lead  time 
required  to  find,  explore,  and  develop  a  pros- 
pect into  aproducing  mineissuchthattheonly 
way  to  be  sure  of  future  mining  operations  is  to 
allow  normal  prospecting,  exploration,  and  de- 
velopment over  the  widest  possible  area. When 
poorly  planned,  hurried  work  is  done  in  re- 
sponse to  crisis.  This  results  in  expensive  ex- 
ploration which  is  often  not  successful  in  de- 
veloping significant  new  mineral  resources. 
Also,  great  damage  to  the  surface  environment 
may  result. 

Only  a  very  small  percentage  of  prospects 
develop  into  producing  mines;  authoritative 
estimates  are  in  the  range  of  1  in  5,000  to  1  in 
10,000.  The  mineralized  portions  of  the  earth's 
crust  are  at  fixed  localities,  and  it  is  not  possible 
to  move  the  economic  concentration  of  miner- 
al to  a  location  where  mining  might  conflict 
less  with  other  interests. 

Mining  industry  leaders  believe  that  if  the 
search  for  minerals  continues  over  broad  ar- 
eas, adequate  new  mineral  resources  can  be 
found  and  developed.  If  mineral  exploration  is 
severely  restricted,  confined  to  much  smaller 
areas,  or  if  unreasonable  burdens  are  placed 
on  mining  itself  making  investment  unattrac- 
tive, they  feel  that  the  number  of  new  mineral 
finds  will  dwindle,  perhaps  to  the  point  of  major 
damage  to  the  economy  and  the  ability  of  the 
United  States  to  provide  for  itself. 

As  an  example  of  the  unpredictable  course  of 
mineral  development,  25  years  ago  Government 


authorities  were  seriously  concerned  because 
the  United  States  lacked  uranium  ore,  and  the 
country's  ability  to  defend  itself  and  meet  long- 
term  energy  needs  was  in  question.  Incentives 
were  offered  for  uranium  production,  and  ma- 
jor discoveries  such  as  the  Mi  Vida  deposit  in 
Utah  by  independent  geologist  Charles  Steen 
motivated  others,  so  that  within  10  years  the 
Nation  had  developed  the  largest,  richest  ura- 
nium ore  reserves  in  the  world.  Uranium  min- 
ing has  grown  to  the  point  of  being  second  only 
to  copper  in  economic  importance  in  metal 
mining  west  of  the  Rocky  Mountains. 

There  will  be  more  pressure  on  public  lands  to 
produce  minerals  in  the  years  to  come.  Many 
partially  developed  nations  are  beginning  to 
look  to  their  own  future  needs,  and  are  no  long- 
er a  source  of  cheap,  easily  available,  high  qual- 
ity mineral  raw  materials.  Established  mineral- 
producing  countries  are  becoming  ever  more 
nationalistic,  and  several  have  recently  revised 
mining  laws  and  imposed  new  taxes  upon  min- 
ing operations  that  have  slowed  or  stopped 
mineral  exploration.  Capital  formerly  invested 
in  exploration  in  such  areas  is  now  being  direct- 
ed to  more  politically  favorable  regions  such  as 
the  western  United  States. 

The  increase  in  domestic  demand  for  miner- 
als progresses  at  an  astonishing  rate.  More 
metal  and  mineral  products  have  been  used  in 
the  United  States  since  World  War  II  than  were 
used  in  the  entire  previous  history  of  theworld, 
and  demand  increases  each  year.  The  sale  of 
metal,  minerals,  and  competitive  products  man- 
ufactured from  them  continue  to  increase  in 
importance  as  a  source  of  United  States  in- 
come overseas. 

Society  unquestionably  derives  major  bene- 
fits from  mineral  production.  To  emphasize 
one  commodity,  the  present  major  mining  ac- 
tivity in  the  West  centers  upon  the  copper 
mines  of  Arizona,  New  Mexico,  Utah,  Nevada, 
and  Montana.  Without  these  mines,  copper 
could  not  be  produced  in  large  quantities  and  at 
low  cost,  allowing  its  general  use  in  mass  produc- 
tion of  electrical  power,  transportation,  and  other 
conveniences  enjoyed  by  everyone  today.  Sim- 
ilar benefits  could  be  cited  in  the  case  of  other 
minerals  such  as  lead,  zinc,  silver,  gold,  iron, 
coal,  tungsten,  and  uranium.  A  healthy  mining 
industry  is  important  to  the  economy  of  the 
United  States.  The  future  need  for  minerals 
cannot  be  expected  to  diminish  unless  there  is 


a  major  turn  downward  in  the  standard  of  living 
presently  enjoyed  in  the  United  States.  There  is 
no  doubt  that  the  potential  for  future  disovery 
of  major  new  mineral  resources  exists  on  pub- 
lic land. 

Some  mining  people  and  resource  man- 
agers think  that  the  present  mining  laws  of  the 
United  States  may  soon  be  changed  or  modi- 
fied. However,  it  should  be  noted  that  none  of 
the  laws  considered  by  Congress  in  recent 


years  contemplate  closure  of  public  land  to 
mining.  Mining  has  always  been  an  authorized 
use  of  most  National  Forest  land  in  the  West. 
The  language  of  the  original  legislation  cre- 
ating and  authorizing  the  National  Forests  set 
forth  the  rights  of  a  mineral  locator  as  essen- 
tially the  same  as  those  of  a  person  who  locates 
a  claim  on  other  public  land.  The  rights  of  the 
mineral  claimant  to  explore  and  develop  a  valid 
claim  on  public  lands  open  to  mineral  entry  are 
clearly  recognized. 


MINING  LAW 


The  body  of  mining  law  that  authorizes  and 
controls  prospecting,  claim  procedures,  leas- 
ing, development,  and  extraction  of  minerals  on 
public  lands  includes  Federal  and  State  laws, 
regulations  issued  by  administering  agencies 
based  upon  those  laws,  and  court  decisions 
that  have  established  precedents  for  settling 
disputes.  Rules  established  by  organized  min- 
ing districts,  envisioned  as  important  in  early 
Federal  law,  have  little  significance  today.  The 
organized  districts  have  been  gradually  elimi- 
nated in  most  western  States. 


Federal  Laws 

Acquisition  of  mining  claims  on  public  land 
is  a  right  granted  by  the  United  States  Mining 
Law  of  1872.  This  law,  passed  by  Congress  on 
May  10,  1872,  continued  a  policy  of  opening 
mineral  lands  to  exploration.  The  United  States 
Mining  Law  of  1872  expresses  the  general  sys- 
tem of  acquiring  mining  claims  that  was  form- 
ed in  California  and  Nevada  between  1848  and 
1866.  Until  1866  there  was  a  Federal  policy  of 
benign  neglect  with  the  mineral  claim  system 
in  use  in  the  West. 


A  cornerstone  of  the  early  California  Mining 
Law  was  that  the  discoverer  obtained  the  right 
to  his  discovery.  The  early  day  custom  was  that 
a  claim  did  not  become  property  until  mineral 
was  discovered  and  perfected  by  development. 
This  was  the  pattern  for  later  law. 

An  1866  mining  law  confirmed  existing  min- 
ing claims  and  contained  the  declaration  that 
the  minerals  on  public  land  were  open  to  ex- 
ploration by  all  citizens  of  the  United  States. 
The  locator  was  given  legal  protection  for  his 
claim,  and  a  system  was  devised  by  which  a 
lode  locator  might  acquire  title  by  patenting.  In 
1870  the  Placer  Act  amended  the  1866  law  to 
provide  a  method  of  patenting  placer  claims. 
These  several  acts  facilitated  the  development 
of  mineral  resources  of  the  western  States  and 
territories. 

In  1872  the  Acts  of  1866  and  1870  were  re- 
passed by  Congress  as  a  single  statute  entitled 
the  United  States  Mining  Law  of  1872.  The  ac- 
quisition of  mining  rights  on  large  amounts  of 
public  land  in  the  West  is,  forthe  most  part,  still 
governed  by  this  law.  The  principal  exceptions 
are  the  Mineral  Leasing  Act  of  1920,  which 
made  certain  nonmetalliferous  minerals  exclu- 
sively leasable  and  not  open  to  acquisition  by 


claim  staking,  the  Materials  Act  of  1947  that  de- 
fined a  group  of  salable  minerals;  the  Multiple 
Mineral  Use  Act  of  1954that  provided  for  multi- 
ple mineral  development  of  the  same  tracts  of 
public  lands;  the  Multiple  Surface  Use  Mining 
Act  of  July  23,  1955,  that  withdrew  common 
varieties  from  mineral  entry;  and  a  section  of 
the  Federal  Land  Policy  and  Management  Act 
of  1976  that  redefines  claim  recording  proce- 
dures and  provides  for  abandonment  if  the  pro- 
cedures are  not  followed. 

Claim  Location 

The  principal  provisions  of  the  1872  statute 
are: 

1.  After  discovery  of  a  lode  or  vein,  a  mining 
claim  may  be  located  on  a  plot  of  land  not  ex- 
ceeding 1,500  feet  in  length  along  the  lode  or 
vein  and  300  feet  on  each  side  of  the  middle  of 
such  vein  at  the  surface  (fig.  1).  Local  mining 
district  rules  or  State  laws  may  limit  the  width 
of  such  claims  to  not  less  than  25  feet  on  each 


side  of  the  middle  of  the  vein  at  the  surface. 
Surface  end  lines  must  be  parallel. 

2.  Upon  completing  the  lode  location,  the 
locator  has  the  exclusive  right  of  possession 
and  enjoyment  of  all  (a)  surface  included  with- 
in the  lines  of  the  location  for  mining  purposes; 
and  (b)  all  veins,  lodes,  or  ledges  throughout 
their  entire  depth  if  the  top  or  apex  lies  inside  of 
the  surface  lines  extended  downward  vertical- 
ly, even  though  such  veins  may  extend  outside 
the  vertical  side  lines  of  the  surface  location. 

3.  Placer  claims  located  by  a  single  individ- 
ual and  based  upon  a  single  discovery  are  lim- 
ited to  20  acres.  An  association  of  individuals 
may  locate  up  to  160  acres  on  each  discovery. 

4.  Both  placer  and  lode  locators  are  requir- 
ed to  perform  $1 00  worth  of  development  work 
per  claim  annually  in  orderto  hold  their  claims 
against  subsequent  locators. 

5.  There  is  provision  for  acquiring  5-acre 
claims  of  nonmineral  land  for  mill  site  pur- 
poses. 


Examples  of  claim    monuments 
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Figure  1.— Lode  mining  claim. 


6.  The  section  commonly  referred  to  as  the 
Tunnel  Site  Act  gives  an  individual  the  right  to 
prospect  a  maximum  of  3,000  feet  into  a  hill- 
side, acquiring  a  prior  right  to  all  theretofore 
unknown  veins  and  lodes  cut  by  the  tunnel; 
however,  no  surface  rights  are  attached. 

The  United  States  Mining  Law  of  1872  does 
not  sanction  the  disposal  or  useof  public  lands 
for  purposes  unrelated  to  mining. 

Lode  vs.  Placer  Claims 

The  mining  location  laws  authorize  two  main 
types  of  claims—lode  and  placer—depending 
on  the  character  of  the  deposit.  Lode  claims 
are  staked  on  veins  or  lodes  of  quartz  or  other 
rock  in  place  bearing  gold,  silver,  cinnabar, 
lead,  tin,  copper,  or  other  valuable  deposits. 
Placer  claims  are  staked  on  all  forms  of  depos- 
it, excepting  veins  of  quartz,  or  other  rock  in 
place. 

The  locator  must  decide  intowhich  category 
his  deposit  falls  and  stake  a  lode  or  placer 
claim  as  appropriate. 

In  the  United  States  Mining  Law  of  1872, 
Congress  drew  a  distinction  between  thetradi- 
tional  gold  placer  composed  of  alluvial  materi- 
al along  streambeds  and  the  vein  or  lode  found 
in  solid  rock.  In  many  modern  cases  the  choice 
is  difficult  as  many  deposits  do  not  clearly  fall 
into  either  category. 

A  lode  is  frequently  considered  as  a  zone  or 
belt  of  mineralized  rock  clearly  separated  from 
neighboring  nonmineralized  rock. 

Placers  are  superficial  deposits  washed 
down  from  aveinorlodeoccupyingthebedsof 
ancient  rivers,  or  deposits  of  valuable  minerals 
found  in  particles  of  alluvium  in  beds  of  active 
streams. 

These  definitions  emphasize  the  present 
form  of  the  deposit  morethan  its  origin,  so  that 
a  deposit  bounded  on  either  side  by  rock  in 
place  is  likely  to  be  considered  a  lode.  If  the  ore 
is  on  top  of  theground  and  has  no  cover  except 
a  thin  veneer  of  soil,  it  is  likely  to  be  a  placer.  In 
the  case  of  a  dispute  the  courts  tend  to  find  in 
favor  of  the  first  locator. 

A  placer  claim  can  be  no  largerthan  20 acres 
for  an  individual,  with  associations  of  up  to 
eight  persons  locating  multiple  claims  of  20 
acres  per  person  up  to  1 60  acres.  A  placer  loca- 
tion does  not  establish  rights  to  any  lodes  with- 
in its  boundaries.  Placer  locations  must  con- 
form as  nearly  as  practicable  to  rectangular 


legal  subdivisions.  All  of  the  persons  in  an  as- 
sociation must  be  active  participants  in  the 
venture.  The  rights  of  a  "dummy  locator"  may 
be  invalid,  if  he  fails  to  actively  assert  the  rights 
of  a  principal  in  the  location.  Corporations  are 
considered  to  be  a  single  person.  There  is  no 
limit  to  the  number  of  placer  claims  that  may  be 
located  by  an  individual  or  association. 

Extralateral  Rights 

The  locator  of  a  valid  lode  mining  claim  ac- 
quires the  right  to  mine  all  the  veins  and  ledges 
throughout  their  entire  depth,  the  tops  or  apex- 
es of  which  lie  inside  of  the  claim  surface  lines 
(fig.  2).  Such  veins  or  ledges  may  depart  from  a 
perpendicular  in  their  course  downward  so  as 
to  extend  outside  vertical,  downward  exten- 
sions of  the  sidelines  of  the  claim.  Rights  of  the 
claim  holder  to  mine  the  deposits  after  they 
leave  the  vertical  claim  lines  underground  are 
known  as  his  extralateral  rights. 

Extralateral  rights  apply  only  to  lode  claims 
with  parallel  end  lines  and  usually 
do  not  extend  under  adjacent  private  land. 
Lawsuits  over  extralateral  rights  were  very 
common  at  one  time,  but  today  such  disputes 
usually  are  settled  privately. 

Tunnel  Sites 

The  law  provides  for  tunnel  sites  where  a 
horizontal  excavation  (adit)  is  made  to  dis- 
cover lodes  and  veins  not  appearing  at  the  sur- 
face. The  owners  of  such  tunnels  gain  the  right 
of  possession  of  any  previously  unknown 
veins  or  lodes  discovered  along  the  3,000-foot 
distance  between  the  portal  and  face  of  the 
tunnel. 

A  tunnel  site  conveys  no  surface  rights  and 
the  right  of  possession  of  a  vein  discovered  in  a 
tunnel  cannot  be  maintained  unless  the  owner 
makes  a  lode  location  of  the  vein  on  the  sur- 
face. Discontinuing  work  for  6  months  consti- 
tutes abandonment  of  a  tunnel  site. 

A  monument  must  be  placed  at  the  portal  of 
the  tunnel  naming  the  locator,  stating  the  pro- 
posed direction  of  the  tunnel,  its  height  and 
width,  and  the  course  and  distance  from  the 
portal  to  a  permanent  object  in  the  vicinity.  The 
boundary  linesof  the  tunnel  sitemust  be  estab- 
lished by  stakes  placed  along  the  3,000-foot 
length  of  the  tunnel  line.  Tunnel  sites  are  un- 
common today. 
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Figure  2.— Extralateral  rights  of  a  lode  mining  claim. 


Mill  Sites 

A  5-acre  plot  of  nonmineral  land  may  be 
staked  as  a  mill  site.  The  land  need  not  be  con- 
tiguous to  the  claim  that  will  produce  the  ore 
for  the  mill.  Mill  sites  are  monumented  in  the 
same  manner  as  lode  claims.  No  assessment 
work  is  required;  but  the  mill  site  must  be  used 
for  mining  and  milling  purposes. 

Claim  Procedures 

Underthe  United  States  Mining  Law  of  1872, 
land  is  claimed  for  minerals  by  distinctly  mark- 
ing the  location  on  the  ground  so  that  its 
boundaries  can  be  readily  traced  and  making  a 
record  of  the  name  or  names  of  the  locators, 
date  of  location,  and  a  description  of  the  claim 
or  claims  located  by  reference  to  some  natural 
object  or  permanent  monumentthatwill  identi- 
fy the  claim.  In  addition,  State  law  requires  the 
monumentation  of  claims  by  cornerposts,  and 
in  some  cases,  side  and  end  centerposts.  A 


copy  of  a  location  notice  must  be  placed  at  the 
point  of  discovery  and  the  location  notice  must 
be  recorded  with  the  recorder  of  the  county  in 
which  the  claim  is  situated.  The  Federal  Land 
Policy  and  Management  Act  of  1976  requires 
that  claim  location  documents  also  be  filed 
with  appropriate  offices  of  the  Bureau  of  Land 
Management. 

Historically,  mining  claims  have  been  mark- 
ed or  staked  in  a  variety  of  ways.  Claim  corners 
and  discovery  points  have  been  marked  on  the 
ground  by  rock  monuments  or  cairns,  trimmed 
and  blazed  trees,  or  iron  posts  embedded  in 
soil,  rock,  or  concrete.  The  most  common 
markers,  however,  are  4-by-4  wood  posts. 

It  is  essential  that  the  discovery  be  made  and 
that  the  location  monument  and  notice  be  on 
public  land  open  to  mineral  entry,  otherwise 
the  entire  claim  is  invalid.  Portions  of  a  youn- 
ger lode  location  may  overlap  older  locations 
and  claim  boundary  monuments  may  be 
placed  on  land  already  claimed  in  order  to 


square  the  claim  or  to  take  advantage  of  an  ex- 
tralateral  right  not  held  in  apex  by  previous 
locators.  The  location  monument  is  erected  at 
some  point  along  the  centerline  inside  the 
claim.  Less  than  300  feet  on  either  side  of  the 
centerline  and  less  than  1,500  feet  along  the 
centerline  may  be  claimed,  but  the  claim  can 
never  exceed  600  by  1,500  feet  in  size. 

All  unappropriated  Federal  lands  that  have 
not  been  withdrawn  from  mineral  entry  are 
open  to  locations  of  mining  claims.  Appro- 
priated public  lands—those  original  public 
lands  which  are  covered  by  an  entry,  including 
mining  claims,  patent  certification,  or  other 
evidence  of  land  disposal;  or  which  are  within  a 
reservation,  contain  improvements  construct- 
ed with  Federal  funds  or  are  covered  by  certain 
classes  of  leases—are  not  open  to  mineral 
entry.  Lands  covered  by  mining  claims  validly 
maintained  by  another  person  are  not  subject 
to  location. 

Mining  claims  can  be  located  in  Alaska, 
Arkansas,  Arizona,  California,  Colorado, 
Florida,  Idaho,  Louisiana,  Mississippi, 
Montana,  Nebraska,  Nevada,  New  Mexico, 
North  Dakota,  Oregon,  South  Dakota,  Utah, 
Washington,  and  Wyoming. 

Land  in  National  Monuments  or  National 
Parks,  unless  specifically  authorized  by  law, 
Indian  reservations,  and  acquired  lands  are  not 
open  for  location.  The  claim  locator  must  be  a 
United  States  citizen  or  must  have  declared  an 
intention  to  become  a  citizen.  A  domestic  corp- 
oration is  considered  to  be  a  citizen,  regardless 
of  the  nationality  of  its  stockholders.  Employ- 
ees of  the  Departments  of  the  Interior  and 
Agriculture  are  restricted  in  some  ways  from 
staking  claims.  A  minor  competent  to  acquire 
and  hold  interests  in  land  under  State  law  is  a 
qualified  locator. 

The  1872  law  specifically  requires  discovery 
of  a  valuable  mineral  deposit  within  the  limits 
of  the  claim  prior  to  locating  a  mining  claim. 
Modern  day  mineral  deposits  are  most  often 
found  at  great  depth  and  the  actual  discovery 
of  mineral  in  place  commonly  occurs  in  a  drill 
hole  after  considerable  exploration  work.  The 
prospector  or  geologist  finds  geological, geo- 
physical, or  geochemical  indications  of 
mineralization  long  before  the  drilling  phaseof 
the  program  encounters  the  discovery  of 
mineral  in  place. 


Copies  of  the  mining  law  and  regulations  in  a 
form  usable  by  prospectors,  geologists,  and 
Federal  employees  can  be  obtained  in  Title  43 
of  Code  of  Federal  Regulations  and  in  Title  30 
of  the  U.S.  Code  Annotated.  The  pertinent  por- 
tions of  the  1872  law  are  published  as  a  bro- 
chure by  the  U.S.  Department  of  Interior, 
Bureau  of  Land  Management,  entitled  Regula- 
tions Pertaining  to  Mining  Claims  Under  the 
General  Mining  Laws  of  1872,  Multiple  Use, 
and  Special  Disposal  Provisions. 

Pursuit  of  Discovery 

In  past  years  prospecting  was  limited  to  sur- 
face outcrops  where  discovery  was  easily 
made  with  limited  equipment.  Factors  such  as 
the  ever-increasing  demands  for  new  mineral 
resources,  the  economic  incentives  to  produce 
minerals,  and  the  exhaustion  of  many  known 
deposits  make  it  necessary  to  intensify  the 
search  for  new  mineral  deposits  and  to  explore 
to  considerable  depths  below  the  ground 
surface. 

Science  and  technology  have  provided  new 
methods,  techniques,  and  instruments  to  aid  in 
exploration.  Mining  companies  have  risked 
millions  of  dollars  in  mineral  exploration  and 
research.  This  has  trained  and  provided 
experience  for  mineral  explorationists  in  the 
art  and  science  of  ore  finding.  These 
advancements  in  ore  finding  capability  open  a 
new  dimension  not  available  to  most 
prospectors.  The  old-fashioned  prospector 
can  find  only  what  can  be  seen  at  the  surface, 
and  normally  cannot  afford  the  sophisticated 
methods  used  by  the  mining  companies. 

Exploratory  work  is  necessary,  in  many 
instances,  to  perfect  a  discovery.  The  general 
mining  laws  are  presently  interpreted  as 
extending  an  express  invitation  to  enter  upon 
the  land  and  explore  and,  upon  discovery,  to 
claim  by  location  with  the  promise  of  full 
reward.  The  prospector  who  enters  upon 
vacant  public  land,  peacefully  and  in  good 
faith,  is  not  a  trespasser,  but  is  a  licensee  or  a 
tenant  at  will.  This  right  to  enter  is  a  statutory 
right.  A  mineral  discovery  cannot  be  made 
without  the  right  of  entry  and  the  time  to 
explore. 

Excavations  are  a  necessary  part  of 
exploration  for  minerals.  This  necessity  to 
excavate   is    not   necessarily  tantamount  to 


removal  and  sale  of  the  excavated  minerals. 
The  prospector  seeks  only  to  make  a  discovery 
by  the  use  of  such  an  excavation.  In  some 
cases  it  is  necessary  to  sell  extracted  minerals 
to  meet  the  marketability  test  of  the  valuable 
mineral  deposit. 

Discovery  of  a  valuable  mineral  deposit  is 
essential  in  creating  valid  rights  to  a  claim  and 
in  obtaining  a  patent. 

Because  the  discovery  is  the  foundation  of 
title  to  a  mining  claim,  discovery  must  be 
pursued  diligently  by  a  bona  fide  claimant. 
Normally,  to  the  locator,  the  sequence  of 
events  is  immaterial.  Discovery  may  precede 
the  location  of  a  claim  or  may  follow  the  act  of 
location;  however,  the  actual  time  of  discovery 
is  important  in  that  it  establishes  priority 
between  claimants  and  with  the  Government 
when  there  is  conflict.  Priority  of  discovery 
gives  priority  of  rights. 

When  two  locators  are  in  possession  of 
overlapping  claims  before  discovery,  a  race 
develops  between  the  locators  to  make  a 
discovery  first  and  the  first  discoverer  obtains 
priority  of  rights.  The  rights  of  a  locator 
actually  begin  on  the  date  of  discovery  of  a 
valuable  mineral  deposit  on  a  claim.  This  is  true 
whether  or  not  the  required  location  work 
precedes  or  follows  discovery.  The  need  for 
secrecy  in  a  new  discovery  can  be  easily  seen  in 
a  case  of  probable  competition  from  a  rival 
capable  of  staking  conflicting  claims.  There  is 
no  substitute  for  discovery  on  a  mining  claim. 
Length  of  time  held  and  amount  of  money  or 
effort  consumed  in  working  on  a  claim  does 
not  dispense  with  the  need  for  discovery. 

Where  the  issue  of  discovery  is  raised  in  a 
controversy  with  the  Federal  Government,  the 
finding  of  small  amounts  of  subeconomic 
mineral  in  sufficient  quantity  to  encourage  or 
induce  further  prospecting  and  exploration  is 
not  sufficient  for  a  discovery.  The  actual 
mineral  deposit  must  be  disclosed  and 
available  for  sampling  by  some  means. 
Geological  inference  or  opinion,  no  matter 
how  strong,  will  not  substitute  for  the  actual 
exposure  of  mineral.  Hope,  belief,  or  expecta- 
tion will  not  sustain  a  discovery. 

There  must  be  physical  exposure  of  valuable 
mineral  in  surface  outcroppings,  pits,  shafts,  or 
drill  hole  samples  to  demonstrate  the  discov- 
ery. Drill  core  or  cuttings  will  usually  be  ac- 
cepted. 


A  lode  discovery  will  not  suffice  for  a  placer 
claim  nor  will  a  pacer  discovery  suffice  for  a 
lode  claim,  and  the  discovery  must  be  within 
the  limits  of  the  claim. 


Protection  Prior  to 
Discovery 

A  person  actively  exploring  a  prospect  desir- 
es protection  against  another  locator  on  the 
land  that  he  is  exploring,  for  the  time  neces- 
sary to  discover  minerals  in  place. 

The  courts  have  recognized  this  problem 
and  arrived  at  the  doctrine  of  pedis  possessio 
to  provide  protection  to  the  modern  bona  fide 
prospector. 

Under  the  pedis  possessio  doctrine,  a  claim- 
ant who  has  peacefully  and  in  good  faith  stak- 
ed claims  in  search  of  valuable  minerals,  may 
exclusively  hold  the  claims  while  he  is  diligent- 
ly working  against  others  having  no  better  right 
than  he,  so  long  as  he  retains  a  continuous  ex- 
clusive occupancy  and  in  good  faith  works  to- 
ward making  a  discovery.  During  the  period 
that  the  doctrine  is  operative  in  a  particular 
situation,  the  claimant  must  be  actively  work- 
ing toward  making  a  discovery  by  digging  or 
drilling.  Making  preparations  for  digging  or 
drilling  may  not  be  sufficient  unlesstheprepar- 
atory  activity  directly  precedes  the  actual  dig- 
ging or  drilling. 

Whether  or  not  a  prospector,  geologist,  or 
mining  company  can  successfully  assert  rights 
of  pedis  possessio  may  vary  in  each  particular 
case.  To  claim  the  rights  there  must  be  actual 
physical  possession  of  all  the  ground,  diligent 
bona  fide  work  directed  toward  making  a  dis- 
covery, and  others  must  be  excluded. 

It  is  common  exploration  practice  to  locate  a 
large  block  of  claims  over  and  around  an  area 
where  it  is  suspected  that  deposits  of  valuable 
minerals  may  occur.  The  locator  of  such 
blocks  is  well  advised  to  maintain  exclusive 
possession  and  to  pursue  a  discovery  on  each 
claim. 

This  possession  or  occupancy  of  the  claims 
must  be  more  than  mere  presence.  Geophysi- 
cal testing  and  geochemical  work,  unless  fol- 
lowed immediately  by  drilling,  may  not  be  suf- 
ficient. However,  the  requirement  of  physical 
occupancy  is  usually  satisfied  by  work  in  pro- 
gress. The  exclusion  of  others  requires  posi- 


tive  action.  Rights  are  lost  if  an  adverse  claim- 
ant is  permitted  to  enter  the  property  peace- 
fully. Pedis  possessio  protects  against  forcible 
entry.  Thus  it  is  necessary  to  deny  entry  to  the 
intruding  party. 

If  a  confrontation  occurs,  and  force  is  used 
by  the  entering  party,  the  denial  of  entry  need 
not  be  successful.  The  claimant  or  his  agent 
simply  yields  to  force,  and  then  goes  to  his 
legal  remedy.  The  claimant  should  make  no 
statements  indicating  consent  to  trespass.  In  a 
land  rush  situation,  a  claim  block  should  be 
patrolled  to  deny  entry  to  other  than  author- 
ized public  officials.  Proposed  new  changes  in 
the  Federal  mining  laws  provide  for  explora- 
tion claims  to  cover  a  large  area  during  the  per- 
iod prior  to  the  discovery  of  valuable  mineral  in 
place.  This  could  remedy  some  of  the  short- 
comings of  the  1872  Mining  Law. 


Discovery 


What  is  a  discovery?  The  Federal  statutes 
that  require  discovery  do  not  define  the  term, 
and  the  definition  of  discovery  under  the 
United  States  Mining  Law  of  1872  continues  to 
be  a  subject  of  controversy.  One  basic  stand- 
ard for  discovery  has  been  the  prudent-man 
test,  which  states  that  the  requirements  of 
discovery  have  been  met  when  minerals  have 
been  found  and  there  is  evidence  that  a  person 
of  ordinary  prudence  would  be  justified  in  the 
further  expenditure  of  labor  and  money,  with  a 
reasonable  prospect  of  success  in  developing 
a  valuable  mine. 

The  test  is  not  whether  the  individual 
claimant  feels  he  is  justified  in  further  expendi- 
ture, but  whether  a  hypothetical  "reasonable" 
man  would  be  so  justified,  and  whether  a 
profitable  mining  venture  is  probable. 

In  1933,  the  U.S.  Department  of  the  Interior 
formulated  the  marketability  test  as  a  standard. 
The  marketability  test  states  that  the  mineral 
locator  or  applicant,  to  justify  his  possession  of 
a  location,  must  show  by  reason  of 
accessibility,  development,  proximity  to 
market,  existence  of  present  demand,  and 
other  factors  that  the  deposit  is  of  such  value 
that  it  can  be  mined,  removed,  and  disposed 
of  at  a  profit. 

The  marketability  test  focuses  on  the 
economic  value  at  the  present  time. 


There  continues  to  be  a  contest  between  the 
prudent  man  test  and  its  extension  —  the 
marketability  test.  Every  locator  should  be  pre- 
pared to  defend  his  discovery  under  the  stand- 
ards of  the  marketability  test.  If  a  contest  devel- 
ops, the  claim  holder  may  be  required  to  prove 
marketability  in  today's  market. 

In  considering  these  definitions  of  discov- 
ery, certain  rules  must  be  kept  in  mind.  The 
deposit  discovered  must  be  a  valuable  mineral 
deposit.  This  commonly  means  an  assay  ortest 
of  some  kind  must  be  made  to  determine  the 
quantity  and  quality  of  metal  or  commodity  in 
the  discovery.  The  size  of  the  deposit  and  the 
probable  cost  of  production  are  aiso  considered. 

The  immediate  effect  of  a  valid  discovery  is 
to  remove  the  land  upon  which  the  discovery 
has  been  made  from  the  unappropriated  public 
lands. 

The  rules  for  determining  what  is  a  discovery 
of  valuable  mineral  may  vary  according  to  the 
parties  and  interests  involved.  The  tests  are 
quite  different  in  a  contest  between  two  ad- 
verse claimants  than  the  tests  used  by  the  U.S. 
Government  in  a  contest  with  a  claimant.  The 
United  States,  by  appropriate  methods,  may 
question  the  validity  of  a  claim  at  any  time  and, 
in  the  absence  of  a  discovery,  may  terminate 
the  prospector's  possession  of  a  particular 
claim  by  adjudication.  The  claimant,  however 
may  locate  another  claim  on  the  general  site, 
if  he  is  acting  in  good  faith. 

Locatable  Minerals 

Whatever  is  recognized  as  a  valuable  mineral 
by  standard  authorities,  whether  metallic  or 
other  substance,  when  found  on  public  land 
open  to  mineral  entry  in  quality  and  quantity 
sufficient  to  render  a  claim  valuable  on 
account  of  the  mineral  content,  is  considered  a 
locatable  mineral  under  the  United  States 
Mining  Law  of  1872.  Specifically  excluded 
from  location  are  the  leasable  minerals, 
common  varieties,  and  salable  minerals 
described  in  the  next  two  sections. 

Every  valuable  mineral  deposit  that  is  not 
excluded  by  special  legislation  is  a  locatable 
mineral.  The  United  States  Mining  Law  of  1872 
specifically  mentions  rock  in  place  bearing 
gold,  silver,  cinnabar,  lead,  tin,  copper,  orother 
valuable  deposits.  As  a  general  rule,  all 
valuable    metallic    mineral    deposits    are 


locatable  plus  a  large  group  of  nonmetallic 
substances  which  have  been  determined  to  be 
locatable  by  either  the  Department  of  the 
Interior,  a  Federal  or  State  court,  or  legislation 
by  Congress.  Some  of  the  nonmetallic 
minerals  in  this  group  are  borax,  feldspar, 
fluorspar,  and  gypsum. 

If  a  prospector,  geologist,  or  land  agency 
representative  has  any  doubts  about  the 
locatable  classification  of  a  mineral  deposit,  he 
should  consult  a  mineral  expert  on  this  point. 

Leasable  Minerals 

The  first  major  change  in  the  United  States 
Mining  Law  of  1872  came  with  the  passage  of 
the  Mineral  Leasing  Act  of  1920.  Certain 
minerals  were  withdrawn  from  location  and 
were  placed  under  the  Leasing  Act  which 
provides  for  their  development  through 
prospecting  permits  and  leases.  No  permanent 
rights  are  acquired  from  the  U.S.  Government, 
only  the  right  to  explore  for  and  mine  the 
specific  minerals  covered  by  the  lease  or 
permit. 

The  1 920  Act,  as  amended  from  time  to  time, 
places  the  following  minerals  under  the  leasing 
law:  oil,  gas,  coal,  oilshale,  sodium,  potassium, 
phosphate,  native  asphalt,  solid  or  semisolid 
bitumen,  bituminous  rock,  oil-impregnated 
rock  or  sand,  and  sulfur  in  Louisiana  and  New 
Mexico. 

In  general,  to  hold  a  lease,  the  miner  is 
required  to  pay  an  annual  rental  in  advance,  to 
pay  a  royalty  to  the  Government  on  all  material 
removed  and  sold,  and  to  comply  with  any 
other  provisions  written  into  the  lease. 

The  acquisition  of  mineral  deposits  by  a 
lease  from  the  Bureau  of  Land  Management  is 
very  different  from  the  location  of  a  valid  claim 
on  a  mineral  discovery.  Areas  involved  in 
leases  are  large  compared  to  individual  mining 
claims  becauseof  the  natureoftheoccurrence 
of  leasable  minerals.  Filing  fees  and  yearly  land 
rental  fees  are  collected  in  advance,  and  bonds 
in  varying  amounts  are  required  before  the 
issuance  of  either  a  prospecting  permit  or  a 
lease. 

In  areas  in  which  leasable  mineral  deposits 
are  not  known  to  occur,  minerals  can  be  leased 
by  a  noncompetitive  procedure.  In  areas  in 
which  leasable  mineral  deposits  are  known  to 
occur  in  marketable  quantities,  leases  are  issued 


to  the  highest  bidder,  either  by  sealed  bid  or 
at  public  auction.  Leases  issued  in  this  manner 
are  termed  competitive  leases.  Regulations 
pertaining  to  the  leasing  of  minerals  otherthan 
oil  and  gas  can  beobtained  in  a  Bureau  of  Land 
Management  Circular  or  in  Title  43  of  the  Code 
of  Federal  Regulations. 

Public  lands  that  passed  from  Federal 
ownership  through  acts  of  Congress  or 
disposal  laws  and  were  later  reacquired  by  the 
United  States  are  known  as  acquired  lands. 
Minerals  subject  to  location  on  other  lands 
must  be  leased  on  acquired  lands. 

The  royalty  rates  for  each  lease  are  set  by  the 
Geological  Survey  and  may  be  obtained  from 
their  office.  For  all  minerals  in  the  same  general 
area,  royalties  are  usually  the  same.  Royalties 
for  the  same  minerals  may  be  different  in 
various  areas  of  the  United  States. 

The  Multiple  Mineral  Use  Act  of  1954  allows 
land  that  is  leased  for  one  commodity  to  be 
claimed  to  cover  minerals  not  in  the  leasable 
category.  In  some  cases  this  can  be  important 
where  locatable  minerals  are  found  in  an  oil 
and  gas  lease  area. 

Salable  Minerals 

The  Materials  Act  of  1947,  as  amended, 
removes  petrified  wood,  common  varieties  of 
sand,  stone,  gravel,  pumice,  pumicite,  cinders, 
and  some  clay  from  location  and  leasing. 
These  materials  may  be  acquired  by  purchase 
only  and  are  referred  to  as  salable  minerals. 

Sales  are  handled  through  the  agency 
administering  the  land  upon  the  request  of  an 
interested  party  or  upon  the  request  of  an 
authorized  official.  Sales  are  by  competitive 
bidding  if  there  is  more  than  one  interested 
party,  otherwise  a  sale  is  negotiated  by  the 
authorized  officer  after  the  materials  are 
appraised. 

The  sale  of  minerals  does  not  limit  the  right 
of  the  U.S.  Government  to  use  the  surface  and 
to  issue  permits  and  licences  that  do  not 
interfere  with  the  purchaser's  production  of 
minerals.  The  land  must  be  reclaimed  as 
required  by  the  sale  contract  or  by  law  when 
mining  is  completed. 

A  mining  claimant  risks  prosecution  for 
trespass  and  may  be  liable  for  damages  if  he 
removes  salable  materials  from  an  unpatented 
mining  claim. 
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Private  Property 

It  is  not  uncommon  for  minerals  beneath  pri- 
vate property  to  be  owned  by  someone  other 
than  the  surface  owner  or  by  the  Government. 

Parcels  of  land  that  passed  from  the  public 
domain  into  private  ownership  prior  to  the 
Stock  Raising  Homestead  Act  of  December  29, 
1916,  were  classified  as  nonmineral  and  the 
minerals  that  might  be  under  these  lands 
passed  to  the  fee  owners  of  the  surface.  This 
1916  Act  eliminated  any  problems  of  mineral 
versus  nonmineral  lands  by  providing  for  the 
reservation  to  the  United  States  of  all  minerals 
in  every  patent  under  this  Act.  Thus,  most 
lands  patented  under  the  various  homestead 
acts  from  the  public  domain  after  1916  are 
open  to  mineral  entry  under  the  United  States 
Mining  Law  of  1872. 

There  are  many  laws  under  which  the 
original  title  to  land  could  be  obtained,  and  it  is 
necessary  to  check  the  document  in  the  land 
records  to  determine  the  law  under  which  the 
title  was  granted. 

Disposals  under  other  laws  both  before  and 
after  the  Stock  Raising  Homestead  Act  of  1916 
often  reserved  minerals  to  the  Government. 
The  Secretary  of  the  Interior  has  never  issued 
regulations  to  dispose  of  these  reserved 
minerals. 

It  is  necessary  fortheminerto  pay  the  private 
surface  owner  for  damage  to  the  surface 
caused  by  prospecting,  mineral  development, 
and  mining.  This  is  commonly  done  by 
arranging  for  a  bond  through  the  Bureau  of 
Land  Management  as  security  for  damage  to 
the  surface,  or  by  entering  into  a  contract  with 
the  surface  owner. 

Sections  5  and  6  of  the  Taylor  Grazing  Act  of 
June  28,  1934,  as  amended,  provided  that  the 
rights  of  the  miner  were  not  to  be  restricted  in 
prospecting,  locating,  developing,  mining, 
entering,  or  patenting  under  applicable  laws 
any  mineral  deposits  found  on  lands  leased  for 
grazing.  The  grazing  lease  holder  cannot 
restrict  proper  and  lawful  ingress  or  egress  for 
prospecting  purposes. 

Minerals  that  are  owned  in  fee  simple  by  the 
surface  owner  or  that  have  been  reserved  in 
private  ownership  separately  from  the  surface 
are  not  open  for  prospecting,  development,  or 
mining  without  permission  from  the  owner. 


Normally,  the  mining  company  attempts  to 
obtain  a  lease  with  option  to  purchase  from  the 
owner. 


State  Laws 


The  United  States  Mining  Law  of  1872  did 
not  preempt  the  field,  and  State  laws  are 
permitted  to  elaborate  on  some  aspects  of 
mining  law  not  covered  specifically  by  the 
Federal  act. 

State  statutes  deal  primarily  with  location 
procedures,  some  aspects  of  assessment  re- 
quirements, and  the  time  method  for  filing 
documents.  Most  western  States  require  post- 
ing of  the  notice  of  location  on  the  land,  which 
is  not  required  by  Federal  law.  The  information 
required  on  the  notice  varies  from  State  to 
State,  and  contains  substantially  the  same 
information  as  the  recorded  certificate. 

Nearly  all  States  require  location  work,  al- 
though the  Federal  law  does  not.  Although 
location  work  is  intended  to  disclose  the  evi- 
dence of  discovery,  it  may  or  may  not  result  in 
a  discovery.  Location  work  is  sometimes 
erroneously  referred  to  as  discovery  work. 

All  States  require  corner  monuments.  End- 
center  and  side-center  monuments  may  or 
may  not  be  required  and  the  size  and  character 
of  these  monuments  varies  from  State  to  State. 

All  records  of  unpatented  mining  claims  are 
kept  in  the  county  courthouse  of  the  county  in 
which  the  claim  is  located.  Under  provisions 
of  the  Federal  Land  Policy  and  Management 
Act  of  1976,  similar  documents  will  have  to  be 
filed  with  appropriate  Bureau  of  Land  Manage- 
ment offices. 

When  the  United  States  Mining  Law  of  1872 
was  passed,  most  western  land  was 
unsurveyed.  In  some  western  States  there  is 
still  unsurveyed  land.  In  many  cases  the 
descriptions  of  mining  claims  areso  vaguethat 
they  can  properly  be  considered  a  floating 
claim  block.  For  unscrupulous  claimants  this 
type  of  claim  block  may  have  the  utilitarian 
value  of  being  moved  over  any  new  discovery 
in  the  vicinity.  The  floating  claim  block  can  be 
moved  anyplace  that  the  claimant  desires  by 
moving  the  claim  posts  and  thus  predate 
claims  made  by  the  discoverer.  It  is  normally 
possible  to  contest  such  action,  but  the 
claimant  may  hold  out  for  a  considerable  cash 
payment    for    his    nuisance   value.    Many 


11 


attorneys  will  advise  the  major  mining 
company  to  pay  rather  than  fight,  in  order  to 
get  on  with  exploration. 

State  mining  laws  in  some  cases  require  a 
map  filed  with  the  county  recorder  and 
perhaps  a  payment  as  well  in  lieu  of  location 
work.  In  Nevada,  the  county  uses  the  payment 
to  compile  a  master  claim  map,  thus 
eliminating  floating  claims.  Any  extra  fee 
money  provides  an  income  to  the  county  for 
general  use. 

Most  mining  legislation  does  not  vary  drasti- 
cally from  State  to  State;  however,  there  is 
enough  variation  that  an  element  of  confusion 
and  uncertainty  pervades  the  State  mining 
laws  and  a  prospector  or  geologist  must  always 
carefully  examine  the  law,  particularly  with 
reference  to  location  and  assessment 
procedures. 

Assessment  Requirements 

The  annual  labor  or  improvements  required 
by  the  United  States  Mining  Law  of  1872  on  an 
unpatented  claim  is  commonly  referred  to  as 
assessment  work.  The  general  purpose  of  this 
work  is  to  assure  good  faith  and  diligence  and 
to  prevent  a  claimant  from  holding  claims 
without  working  the  ground,  thus  preventing 
others  from  making  entry. 

The  pertinent  provisions  of  the  United  States 
Mining  Law  of  1872  require  assessment  work 
as  follows: 

...On  each  claim  located  after  the  10th  day  of 
May,  1872,  and  until  a  patent  has  been  issued 
therefore,  not  less  than  $100  worth  of  labor 
shall  be  performed  or  improvements  made 
during  each  year...;  but  where  such  claims 
are  held  in  common,  such  expenditure  may 
be  made  upon  any  one  claim;  and  upon  a 
failure  to  comply  with  these  conditions,  the 
claim  or  mine  upon  which  such  failure  oc- 
curred shall  be  open  to  relocation  in  the 
same  manner  as  if  no  location  of  the  same 
had  ever  been  made,  provided  that  the  origi- 
nal locators,  their  heirs,  assigns,  or  legal  rep- 
resentatives have  not  resumed  work  upon 
the  claim  after  failure  and  before  such  loca- 
tion.... The  period  within  which  the  work  re- 
quired to  be  done  annually  on  all  unpatent- 
ed mineral  claims  located  since  May  10, 
1872,  shall  commence  at  12o'clock  meridian 


on  the  1st  day  of  September  succeeding  the 
date  of  location  of  such  claim.... 

By  Act  of  February  11,  1875,  the  following 
provision  was  added  to  the  United  States 
Mining  Law  of  1872: 

...Where  a  person  or  company  has  or  may 
run  a  tunnel  for  the  purposes  of  developing 
a  lode  or  lodes,  owned  by  said  person  or 
company,  the  money  so  expended  in  said 
tunnel  shall  be  taken  and  considered  as  ex- 
pended on  said  lode  or  lodes,  whether  locat- 
ed prior  to  or  since  May  10,  1872;  and  such 
person  or  company  shall  not  be  required  to 
perform  work  on  the  surface  of  said  lode  or 
lodes  in  order  to  hold  the  same  as  required 
by  this  section.... 

The  most  recent  Federal  legislation  was 
enacted  on  September  2,  1958,  and  provides: 

...The  term  labor,  as  used  in  the  third  sen- 
tence of  section  2324  of  the  Revised  Statutes 
(30  U.S.C.  28),  shall  include,  without  being 
limited  to,  geological,  geochemical  and  geo- 
physical surveys  conducted  by  qualified  ex- 
perts and  verified  by  a  detailed  report  filed  in 
the  county  office  in  which  the  claim  is  locat- 
ed which  sets  forth  fully  (a)  the  location  of 
the  work  performed  in  relation  tothe  point  of 
discovery  and  boundaries  of  the  claim,  (b) 
the  nature,  extent,  and  cost  thereof,  (c)  the 
basic  findings  therefrom,  and  (d)  the  name, 
address,  and  professional  background  of  the 
person  or  persons  conducting  the  work. 
Such  surveys,  however,  may  not  be  applied 
as  labor  for  more  than  two  consecutive  years 
or  for  more  than  a  total  of  five  years  on  any 
one  mining  claim,  and  each  survey  shall  be 
nonrepetitive  of  any  previous  survey  on  the 
same  claim.... 

The  regulations  as  stated  in  Title  43  of  the 
Code  of  Federal  Regulations,  provide  that: 

(a)  The  term  geological  surveys  means 
surveys  on  the  ground  for  mineral  deposits 
by  the  proper  application  of  the  principles 
and  techniques  of  the  science  of  geology  as 
they  relate  to  the  search  for  and  discovery  of 
mineral  deposits; 

(b)  The  term  geochemical  surveys  means 
surveys  on  the  ground  for  mineral  deposits 
by  the  proper  application  of  the  principles 


12 


and  techniques  of  the  science  of  chemistry 
as  they  relate  to  the  search  for  and  discovery 
of  mineral  deposits; 

(c)  The  term  geophysical  surveys  means 
surveys  on  the  ground  for  mineral  deposits 
through  the  employment  of  generally  recog- 
nized equipment  and  methods  for  measuring 
physical  differences  between  rock  types  or 
discontinuities  in  geological  formations;  and 

(d)  The  term  qualified  expert  means  an 
individual  qualified  by  education  or  experi- 
ence to  conduct  geological,  geochemical  or 
geophysical  surveys,  as  the  case  may  be. 

In  most  States,  filing  of  proof  of  labor  in  the 
county  records  is  required  by  State  law  within  a 
limited  time  period. 

The  question  of  what  can  qualify  for  assess- 
ment work  is  not  always  easy  to  answer.  It  is 
necessary  to  remember  that  it  is  $100  worth  of 
labor  and  improvements.  The  work  must  have  a 
value  of  $100,  not  necessarily  cost  $100. 
Geological,  geochemical,  and  geophysical 
surveys,  some  road  work,  tunneling,  digging 
pits,  cuts  or  trenches,  or  excavations,  and 
drilling  which  tends  to  develop  the  mineral 
depositqualify  as  assessment  work. The  intent 
is  to  induce  development  of  minerals  and  to 
avoid  speculative  holding  of  claims.  Casual 
prospecting  or  surface  sampling  for  the  purpose 
of  making  a  discovery  will  not  serve  as  assess- 
ment work. 

Over  the  years  the  courts  have  generally 
prescribed  rules  governingthecharacterof  the 
work  and  improvements  that  will  satisfy  the 
assessment  work  requirement.  The  court 
rulings  have  been  lengthy  and  complex,  but 
they  can  be  summarized  as  follows:  the  labor 
and  improvements,  within  the  meaning  of  the 
statute,  should  be  deemed  to  be  done  when  the 
labor  is  performed  or  improvements  made  for 
the  purpose  of  working,  prospecting,  or 
developing  the  mining  ground  embraced  in  the 
location,  or  for  the  purpose  of  facilitating  the 
extraction  or  removal  of  ore. 

Claims  may  be  grouped  for  assessment  work 
purposes.  That  is,  work  can  be  done  on  one  or 
more  claims  rather  than  on  each  claim  in  a 
group,  and  the  assessment  work  requirements 
can  be  met  if  the  value  of  the  work  is  sufficient. 
The  claims  must  be  contiguous,  that  is,  overlap 
or  share  common  sidelines,  and  there  must  be 


a  community  of  interest  if  more  than  one  claim 
owner  is  involved.  There  are  no  rules  that 
completely  cover  the  grouping  of  claims.  The 
circumstances  in  each  case  can  be  important. 

As  a  practical  matter,  many  claim  holders  do 
little  or  no  assessment  work  on  their  claims  and 
file  questionable  proof  of  labor  statements.  In 
some  circumstances  this  may  constitute 
perjury. 

If  there  is  a  contest  over  the  performance  of 
assessment  work,  the  burden  of  proof 
concerning  the  performance  generally  is  on 
the  party  contending  that  the  required  work 
was  not  done.  As  a  general  rule,  in  court  cases 
where  a  second  locator  attempts  to  relocate 
the  claim  of  the  original  locator  who  has 
allegedly  failed  to  perform  the  required 
assessment  work,  most  decisions  tend  to 
protect  the  original  locator  where  it  appears 
that  he  has  acted  in  good  faith.  The  courts 
generally  do  not  substitute  their  judgement  for 
that  of  the  miner  if  the  work  tends  to  develop 
the  claim  and  facilitate  the  extraction  of  ore. 

The  absence  of  an  assessment  work  affidavit 
in  the  county  records  may  encourage  a  new 
claimant  interested  in  the  ground  to  locate  new 
claims.  The  failure  by  theoriginal  locatortofile 
the  proof  of  labor  forms  does  not  verify  that  the 
required  annual  work  was  not  done.  If  the 
original  locator  can  prove  that  the  necessary 
assessment  work  was  done,  he  retains  rights  of 
possession  under  Federal  law. 

To  the  prospector  or  independent  geologist, 
traveling  to  numerous  claim  groups  and 
performing  assessment  work  can  be  an 
onerous  and  expensive  task.  Most  mining 
companies  with  large  claim  holdings  maintain 
a  system  of  records  in  the  company  files  and 
assign  one  man  for  part  or  all  of  the  year  to 
keep  track  of  assessment  work  and  see  that  it  is 
properly  recorded.  The  Government  may 
under  certain  circumstances  invalidate  a  claim 
where  assessment  work  has  not  been 
performed. 


Adverse  Proceedings 

The  problems  of  adverse  claimants  can  fall 
under  two  general  categories: 

1.  A  contest  between  two  private  citizens  or 
companies  over  ownership  of  mining  claims. 
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2.  A  legal  action  initiated  by  the  U.S. 
Government  against  a  mining  claim  held  by  a 
private  citizen  or  corporate  claimant. 

In  past  years  there  was  much  litigation  over 
extralateral  rights,  where  a  vein  apexed  (fig.  2) 
on  one  claim  and  extended  down-dip  off  the 
claim.  This  type  of  litigation  was  commonly 
bitter  and  costly  to  settle.  Extralateral  rights 
litigation  between  two  adverse  claimants  is  now 
uncommon,  as  negotiated  settlements  are 
more  satisfactory  than  drawnout  expensive 
lawsuits. 

Occasionally,  two  exploration  groups  may 
decide  at  approximately  the  sametime to  stake 
a  large  block  of  claims  over  atarget  area  where 
exploration  will  be  required  to  make  a 
discovery.  One  group  may  begin  staking 
claims  first  and  the  second  group  may  stake 
from  the  other  end  of  the  area,  possibly  not 
knowing  of  the  competitor's  activity,  and  a 
"staking  rush"  is  on  when  either  or  both  of  the 
parties  discover  the  other's  activities. 

As  they  become  aware  of  each  other's 
activities,  the  doctrine  of  pedis  possessio  (see 
Protection  Prior  to  Discovery  section)  will 
come  into  use.  One  group  may  attempt  to  deny 
peaceful  intrusion  onto  its  claims  by  the  other 
group.  An  adverse  claimant  situation  often 
exists  between  the  two  groups.  The  key  to  the 
situation  now  depends  on  who  can  make  a 
discovery  first,  usually  by  drilling.  Many 
complex  legal  problems  may  develop  as  the 
claimants  race  to  be  the  first  to  make  a 
discovery. 

About  this  time,  it  is  possible  that  a  group  of 
floating  older  claims  in  the  district  will  be 
moved  under  the  claims  covering  the  new 
discovery  area.  There  is  also  the  possibility 
that  placer  claims  will  be  staked  by 
unscrupulous  individuals  over  the  discovery 
area  in  the  hope  that  the  major  mining 
company  will  buy  out  the  nuisance  value  of  the 
placer  claims  rather  than  fight  in  court. 
Sometimes  the  mining  company's  counsel  will 
mistakenly  advise  a  payoff;  each  time  this  is 
done  it  only  compounds  future  difficulties. 

There  mav  be  circumstances  where  a  group 
of  claims  will  appear  to  be  abandoned.  A  search 
of  the  county  records  fails  to  reveal  an 
assessment  affidavit  for  the  immediate  past 
assessment  year  ending  at  noon  on  September 
1.  Inspection  of  the  ground  reveals  no  recent 
physical    work     of    the    kind     required    for 


assessment.  Under  these  circumstances,  a 
new  set  of  claims  may  be  staked  on  what 
appears  to  be  open  ground.  The  new  claimant 
does  the  required  location  work  and  begins 
exploration  —  pursuit  of  discovery--on  the 
claim  group. 

If  the  former  claimant  has  in  fact  abandoned 
the  claims  there  will  be  no  problems;  however, 
if  the  former  claimant  had  no  intention  of 
abandoning  the  ground  there  may  be  a  legal 
contest  over  who  has  the  best  claim  to  the 
ground.  If  the  original  claimant  has  filed  his 
proof  of  labor,  the  new  claimant  would  have  to 
prove  that  the  assessment  work  had  not  been 
done.  Not  having  filed  the  proof  of  labor,  the 
original  claimant  now  may  be  in  the  position  of 
having  to  prove  that  he  performed  the  required 
assessment  work. 

Claims  staked  for  leasable  or  salable 
minerals  are  subject  to  adverse  action  by  the 
U.S.  Government.  The  claimant  is  in  trespass 
and  may  end  up  paying  for  the  minerals  that 
have  been  illegally  removed.  It  is  possible  to 
locate  legal  mineral  claims  covering  the  same 
ground  where  the  U.S.  Government  has  leased 
or  sold  the  nonlocatable  minerals.  No  title  is 
obtained  to  the  nonlocatable  minerals  and 
their  production  cannot  be  impeded  by  the 
locator. 

Many  cases  of  unauthorized  occupancy 
have  caused  the  Government  to  initiate  an 
action  to  remove  a  home  or  cabin  or  to  correct 
some  other  nonmineral  use. 

Some  claimants  locate  claims  on  land  that  is 
not  open  for  mineral  entry.  This  is  often  done 
where  the  locator  believes  the  claims  to  be  in  a 
different  section  of  land  than  they  actually  are. 
This  may  be  a  surveying  problem,  or  the 
claimant  may  have  failed  to  make  the 
necessary  check  of  the  land  management 
agency  records  to  determine  the  status  of  the 
land. 

Congress  has  given  the  Department  of  the 
Interior  adjudicative  powers  in  matters  relating 
to  the  mining  laws.  The  most  common  action  is 
a  contest  of  claim  validity  conducted  underthe 
regulations  of  the  U.S.  Department  of  Interior. 
The  Department  of  the  Interior's  authority  in 
this  area  has  been  confirmed  by  the  U.S. 
Supreme  Court.  The  administering  agency 
can  initiate  a  complaint  which  will  result  in  a 
contest  through  the  Department  of  Interior 
under  the  Administrative  Procedures  Act  for  a 
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variety  of  reasons,  including  lack  of  discovery. 
Necessary  action  may  be  initiated 
simultaneously  in  the  Federal  Courts  to  resolve 
urgent  conflicts.  After  proceeding  through  the 
Department  of  the  Interior  regulations 
process,  the  contest  may  go  to  the  U.S.  District 
Court  with  appeals  to  the  Circuit  Court  or 
Supreme  Court.  Where  the  contest  is  of  great 
magnitude,  considerable  time,  money,  and 
effort  can  be  expended  in  actions  of  this  type. 
At  the  time  of  application  for  patent,  there  is 
a  60-day  period  when  adverse  claims  can  be 
filed  with  the  office  where  the  patent 
application  was  initiated.  An  adverse  claim 
may  be  brought  by  another  claimant  who  can 
demonstrate  a  right  to  all  or  a  portion  of  the 
claim  being  patented.  There  is  also  an 
opportunity  for  persons  in  the  vicinity  of  a 
mining  claim  to  protest  that  the  patent 
applicant  has  not  met  the  mining  law 
requirements.  Protests  against  a  patent  can  be 
filed  by  the  Forest  Service  at  any  time  before 
patent  for  noncompliance  with  discovery  or 
labor  requirements. 


Rights  of  Claimants 

Under  the  United  States  Mining  Law  of  1872, 
the  locator  of  a  valid  mining  claim  that  has 
been  perfected  by  the  discovery  of  a  presently 
marketable  mineral  deposit  and  by  the 
performance  of  all  the  required  acts  of  location 
acquires  the  exclusive  right  of  possession  and 
enjoyment  of  all  of  the  locatable  minerals 
within  the  boundaries  of  his  location.  He  also 
acquires  any  appropriate  extralateral  rights 
along  with  the  use  of  the  surface  compatible 
with  the  Multiple  Surface  Use  Act  of  1955. 

Prior  to  the  discovery  of  a  presently 
marketable  mineral  deposit  within  the  claims 
boundary,  the  claimant  has  aquestionabletitle 
to  the  claim.  Prediscovery  rights  can  be  held 
against  an  adverse  claimant  underthe  doctrine 
of  pedis  possessio  by  actively  pursuing 
discovery  and  maintaining  continuous 
exclusive  occupancy.  This  doctrine  provides 
only  tenous  prediscovery  protection  and  it  is 
not  possible  to  generalize  as  to  what  action  will 
satisfy  the  requirements  in  all  cases;  litigation 
my  often  result. 

The  claim  locator  has  the  right  to  prospect, 
develop  the  mineral  potential,  do  assessment 


work,  and  perform  other  acts  related  to  ex- 
ploration that  are  not  forbidden  by  law  or 
regulation. 

Where  there  are  conflicting  or  overlapping 
claims,  most  rights  are  determined  on  the  basis 
of  priority  of  discovery,  but  subsurface  rights 
are  not  necessarily  so  determined.  Extralateral 
rights  to  a  vein  are  based  on  apex  considerations. 

Valid,  unpatented  mining  claims  are  real 
property  in  the  full  sense  of  the  term,  except  as 
modified  by  multiple  use  legislation.  When  all 
requirements  have  been  met,  the  locator  has  a 
valid,  marketable  title  for  mining  purposes.  As 
long  as  the  locator  complies  with  Federal  and 
local  laws  and  regulations  in  good  faith,  he  has 
possessory  title  segregated  from  the  public 
lands,  although  the  paramount  title  remains  in 
the  U.S.  Government  until  a  patent  is  granted. 
This  possessory  title  may  be  maintained 
indefinitely  as  long  as  the  appropriate  laws  are 
complied  with.  This  title  does  not  include 
timber  except  as  used  for  mining  purposes  on 
the  claim,  nor  the  right  to  non mining  use  of  the 
surface.  Assessment  work  must  be  done  on  the 
claim  in  the  amount  of  $100  per  claim  for  each 
assessment  year  to  maintain  the  possessory 
title.  The  assessment  year  begins  at  noon  on 
September  1  of  each  year. 

A  claim  locator  who  does  not  perform 
assessment  work  for  a  period  may  resume 
such  work  at  any  time,  in  the  absence  of  the 
intervening  rights  of  an  adverse  claimant  on 
the  ground.  The  original  claim  locator  regains 
the  same  rights  and  title  he  obtained  by 
locating  the  original  claim,  providing  that  he 
can  demonstrate  the  existence  of  a  valuable 
deposit  of  a  locatable  mineral. 

The  U.S.  Government  may  initiate  a  contest 
using  the  Bureau  of  Land  Management 
adverse  claim  procedures  for  cause  affecting 
the  legality  of  a  mining  claim.  The  procedure  is 
set  forth  in  the  Federal  statutes  as  supple- 
mented by  Department  regulations. 

In  a  mineral  contest  between  the  Govern- 
ment and  a  claimant  the  Government  is  requir- 
ed to  present  prima  facie  evidence  (evidence 
sufficient  to  raise  a  presumption  of  fact  or 
establish  the  fact  in  question  unless  rebutted) 
that  the  claim  is  invalid.  The  claimant  has  the 
right  to  retain  expert  assistance  in  defending 
his  position  and  must  show  by  a  preponder- 
ance of  evidence  that  his  claim  is  valid. 
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In  actual  practice,  the  average  claimant  has 
not  made  a  valid  discovery  prior  to  locating  his 
claim.  Many  claimants  mistakenly  believe  that 
compliance  with  State  location  laws  ful- 
fills the  Federal  requirement  of  discovery.  It 
is  common  for  a  claimant  to  refer  to  having 
done  the  discovery  work  on  a  claim  when  in 
actual  fact  he  has  done  the  State-required 
location  work. 

Under  the  Multiple  Surface  Use  Act  of  July 
23,  1955,  prior  to  the  issuance  of  a  patent  the 
United  States  and  its  licensees  have  the  right  to 
use  as  much  of  the  surface  and  surface 
resources  as  is  necessary  for  access  to 
adjacent  land,  providing  that  this  use  does  not 
interfere  with  prospecting,  mining,  or  pro- 
cessing. The  claimant  does  not  have  the  right 
to  use  an  unpatented  mining  claim  for  pur- 
poses other  than  prospecting,  mining,  or 
processing  operations  ana  uses  reasonably 
incident  thereto.  In  the  interpretation  of  what 
is  "reasonably  incident  thereto,"  there  are  gray 
areas  subject  to  various  interpretations. 

The  claimant  has  the  optional  right  to  apply 
for  a  patent.  The  conditions  that  must  be  met 
prior  to  filing  an  application  are:  a  valid 
discovery  of  a  valuable  mineral  deposit,  the 
performance  of  $500  worth  of  improve- 
ments which  directly  facilitate  the  develop- 
ment of  the  mineral  deposit,  and  the  prepara- 
tion of  survey  plat  and  field  notes  by  a 
Deputy  U.S.  Mineral  Surveyor.  If  the  patent 
application  is  successful,  the  claimant  must 
pay  for  the  land  at  the  rate  of  $5  per  acre  for 
a  lode  claim  and  $2.50  per  acre  for  a  placer 
claim.  After  patent,  the  surface  and  minerals 
on  the  claim  are  private  land  subject  to  local 
property  taxation,  and  the  annual  assessment 
work  is  no  longer  required. 

Multiple  Surface  Use 
Act  of  1955 

Congress  enacted  the  Multiple  Surface  Use 
Act  in  1955  to  curtail  nonmining  use  of  the 
surface  of  mining  claims.  Under  the  Act  any 
mining  claim  located  after  July  23,  1955,  shall 
not  be  used  prior  to  the  issuance  of  patent  for 
any  purposes  other  than  prospecting,  mining, 
or  processing  operations  and  uses  reasonably 
incident  thereto.  The  rights  of  the  holder  of  a 
claim  staked  after  July  23,  1955,  and  prior  to 


patent  are  subject  to  the  right  of  the  United 
States  to  manage  and  dispose  of  the  vegetative 
surface  resources  and  to  manage  other 
surface  resources,  except  the  locatable 
mineral  deposits  on  the  claim. 

The  Act  also  provides  that  mining  claims  will 
be,  prior  to  issuance  of  a  patent,  subject  to  the 
right  of  the  Government  to  use  so  much  of  the 
surface  as  may  be  necessary  for  access  to 
adjacent  land.  Any  use  of  the  surface  of  the 
mining  claim  by  the  Government  must  not 
endanger  or  materially  interfere  with  prospect- 
ing, mining,  or  processing  operations  or  uses 
reasonably  incident  thereto. 

The  holder  of  a  valid  mining  claim  is  still 
authorized  to  cut  and  usetimberfromtheclaim 
for  mining  purposes. 

The  result  of  this  legislation  is  that  the 
owner  of  a  mining  claim  is  entitled  to  use  the 
surface  only  as  necessary  for  the  mining 
operation,  and  the  claims  are  subject  to  sur- 
face managment  by  the  Federal  Govern- 
ment until  patented. 


Occupancy 


The  mining  laws  permit  a  claimant  to  make 
reasonable  use  of  the  claim  surface  area  prior 
to  a  patent  being  granted,  so  long  as  this  use  is 
connected  with  mining.  The  mining  laws  do 
not  permit  the  use  of  an  unpatented  mining 
claim  for  land  on  which  to  build  a  home  or 
cabin.  There  have  been  many  cases  where 
persons  unfamiliar  with  the  mining  laws  have 
built  homes  or  cabins  on  claims  staked  with 
this  idea  in  mind,  or  purchased  as  cabin  sites. 

The  Mining  Claims  Occupancy  Act  passed 
by  Congress  in  October  1962  enabled  people 
making  their  principal  residence  on  an  im- 
proved site  on  a  mining  claim  to  occupy  the 
land  which  the  residence  occupied.  The  law 
was  extended  until  June  30,  1971. 

Buildings  necessary  for  mining  facilities  are 
allowed  on  valid  mining  claims  when  discovery 
is  not  an  issue.  It  is  often  necessary  to  erect 
buildings  on  unpatented  mining  claims  to 
protect  equipment,  store  samples,  or  house 
personnel. 

In  dealing  with  unauthorized  occupancy 
there  is  commonly  a  question  of  what  is 
authorized  use  for  mining  purposes.  Even  if  the 
claim  is  valid,  the  occupancy  may  exceed  that 
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needed  for  mining  purposes.  Some  habitation 
of  buildings  can  very  well  be  an  authorized  use. 
The  administering  agency  should  obtain  a 
technical  opinion  regarding  the  claim  validity 
before  questioning  possible  unauthorized 
occupancy. 


Trespass  Limitations 

The  owner  of  an  unpatented  mining  claim 
has  only  limited  rights  to  prevent  trespass.  He 
does  not  necessarily  have  the  right  to  fencethe 
claim  and  erect  no  trespass  notices.  Under  the 
Multiple  Surface  Use  Act,  the  surface  may  be 
used  for  nonmining  purposes  such  as  hunting 
and  fishing  by  persons  other  than  the  claim 
holder. 

After  a  valid  discovery  of  valuable  mineral 
has  been  made,  the  claimed  area  is  no  longer 
unappropriated  public  land.  The  intent  of  the 
law  is  that  the  same  ground  cannot  be  located 
or  possessed  by  another  claimant  until  such 
time  as  the  claim  is  abandoned  by  the  original 
claimant. 

Active  mining  operations  obviously  have  a 
right  to  forbid  trespass  in  and  around 
buildings,  mine  workings,  and  mills.  For  this 
purpose,  fences  and  no  trespassing  signs  are 
commonly  erected. 

Trespass  on  mining  claims  may  be  an 
accident  or  innocent  mistake,  intentional  and 
justifiable,  or  intentional  and  not  justifiable, 
and  may  be  committed  on  the  surface  or 
underground.  A  person  entering  within  the 
sidelines  of  another  miner's  lode  claim  for  the 
purpose  of  mining  is  a  trespasser  if  the  vein 
being  mined  apexes  (see  fig.  2)  on  the  miner's 
claim.  The  corner  monuments  of  adjacent 
claims  may  be  placed  on  the  surface  of  ad- 
jacent unpatented  or  patented  mining  property 
for  the  purposes  of  squaring  the  located  claim. 
The  consent  of  the  owner  is  not  essential  when 
the  encroachment  is  open  and  peacefully  done. 
The  right  of  the  overlapping  locator  is  limited 
to  the  ground  outside  of  the  prior  located  claim 
or  patented  ground,  except  for  extralateral 
rights  that  might  be  acquired.  Subsequent 
objection  by  the  prior  owner  is  unavailing. 

Prior  to  the  Multiple  Surface  Use  Mining  Act 
of  July  23,  1955,  claimants  commonly  took 
quite  literally  the  statement  in  the  United 
States  Mining  Law  of  1872  that  the  locator 


acquired  the  exclusive  right  of  possession  and 
enjoyment  of  all  the  surface  included  within 
the  lines  of  his  location.  Miners  commonly 
clear  timber  on  a  claim  for  development  pur- 
poses, used  it  in  surface  structures  and  in 
underground  workings,  and  sometimes  sold 
the  timber  outright.  Prior  to  1955,  the  miner 
had  no  right  to  sell  the  timber  except  for  clear- 
ance, nor  could  the  Government  remove  or  sell 
the  timber  on  a  claim  except  in  the  case  of  an 
emergency  or  insect  infestation.  In  1955, 
Congress  enacted  the  Multiple  Surface  Use 
Act  to  curtail  nonmining  use  of  the  surface  of 
mining  claims.  While  the  locator's  possession 
and  enjoyment  is  exclusive  for  mining  pur- 
poses, the  Government  and  its  licensees  may, 
under  proper  circumstances,  exercise  rights  of 
way  across  the  claim  so  long  as  in  so  doing 
they  do  not  interfere  with  the  mineral  develop- 
ment of  the  claim. 

On  an  inactive  mining  claim  no  trespass  is 
committed  by  people  passing  through  the  area 
hiking,  hunting,  rock  collecting,  fishing,  or  for 
numerous  other  reasons.  Prospectors  and 
geologists  may  examine  the  showing  on  a 
claim  without  prior  knowledge  of  its  status  as  a 
mining  claim  or  what  the  ownership  is.  It  is 
common  practice  to  examine  mineral 
showings  and  quickly  map  and  sample  the 
surface  and  underground  geology  of  a  prospect 
without  contacting  the  owner  of  a  claim.  If  a 
prospector  or  geologist  spent  the  time  nec- 
essary to  contact  all  absentee  owners  prior  to 
examining  all  prospects  more  time  would  be 
spent  trying  to  find  people  than  in  looking  for 
ore.  This  type  of  examination  is  often  to  the 
advantage  of  the  absentee  claim  owner,  for  if 
something  of  interest  is  found  in  the 
examination  the  owner  will  be  contacted.  If 
nothing  is  found  he  is  not  bothered  unneces- 
sarily. 

If  the  owner  of  a  valid  mining  claim  is  work- 
ing the  claim  it  is  the  usual  custom  for  the 
prospector  or  geologist  to  stop  and  talk,  and  to 
gain  permission  to  look  around. 

There  is  an  occasional  hermit  or  recluse  who 
does  not  want  anyone  to  come  near  his  work- 
ings, let  alone  examine  the  geology  or  sample 
the  showings.  Unless  the  showings  are  of  un- 
usual merit  the  prospect  will  go  undeveloped 
while  such  an  individual  is  in  possession  of  the 
claims. 
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Federal  and  State  Safety 
Requirements 

The  conditions  of  safety  around  a  develop- 
ing or  operating  mine  are  controlled  by  both 
Federal  and  State  laws.  The  mining  States  have 
State  mine  inspection  organizations  that  in- 
spect and  advise  on  the  physical  condition  of 
an  operation. 

On  the  Federal  level,  two  safety  inspection 
organizations  exist.  These  are  Mining  Enforce- 
ment and  Safety  Administration  (MESA),  an 
agency  of  the  U.S.  Department  of  the  Interior, 
and  Occupational  Safety  and  Health  Admin- 
istration (OSHA),  an  agency  of  the  U.S. 
Department  of  Labor.  These  agencies  have 
prepared  pamDhlets  explaining  their  functions. 

The  activities  of  MESA  and  some  State  mine 
inspection  organizations  overlap  and  some 
coordination  exists  where  the  State  group  has 
agreed  to  Federal  standards.  All  three  groups 
keep  records  and  investigate  serious  accidents 
and  fatalities  at  mine  operations. 

The  Bureau  of  Mines  has  a  safety  demon- 
stration group,  operating  out  of  Boulder  City, 
Nevada,  which  researches  and  devises  safer 
methods  for  performing  various  tasks. 

Most  western  States  have  laws  requiring  that 
shafts,  drill  holes,  tunnels,  and  small  pits  be 
covered  or  fenced  where  they  can  be  a  danger 
to  life. 


Environmental 
Regulations 

The  National  Environmental  Policy  Act  of 
1969,  as  interpreted  by  the  courts  and  imple- 
mented in  the  regulations  of  the  various  in- 
volved agencies,  has  added  an  important  dimen- 
sion to  the  preparation  of  plans  for  exploration 
and  development  of  resources  on  the  public 
lands. 

An  Environmental  Impact  Statement  is  not 
required  for  every  transaction  involving  re- 
source development.  It  is  possible  to  prepare  a 
negative  declaration  when,  based  on  an  impact 
appraisal,  no  significant  impact  is  anticipated. 
A  nominal  impact  declaration  is  also  possible. 
Proper  authorities  must  concur.  If  National 
Forest  lands  are  involved,  the  new  regulations 


apply  (Mineral  Resources  on  National  Forests 
Use  Under  U.S.  Mining  Laws,  Title  36,  Code  of 
Federal  Regulations,  Part  252). 

All  major  mine  development  programs  on 
public  land  must  comply  with  appropriate 
regulations. 

At  the  earliest  possible  time,  the  manager  of 
an  exploration  project  with  the  potential  for 
developing  into  a  producing  mine  should  be- 
gin keeping  an  environmental  analysis  record 
of  the  condition  of  the  air  and  the  water  in  any 
stream  or  lakes  on  or  near  the  project,  the  con- 
dition of  trees  and  vegetation,  and  any  wildlife 
disturbance  resulting  from  the  project.  This 
environmental  baseline  data  may  prove  es- 
sential in  demonstrating  what  environmental 
changes  occur,  if  any,  as  the  result  of  the  min- 
ing operation. 

Environmental  analysis  and  the  preparation 
of  the  required  statements,  plans,  reports,  and 
following  correct,  established  procedures  is  a 
complicated  task  which  usually  should  be 
done  by  experts.  In  most  cases,  a  mining  com- 
pany bringing  a  new  mine  into  production  em- 
ploys full-time  personal  or  consultants  to  do  a 
complete  job  of  environmental  analysis.  In  the 
case  of  the  small  operator,  where  the  project 
will  not  financially  support  expert  help,  the 
best  plan  is  to  obtain  the  necessary  informa- 
tion from  the  proper  authorities  prior  to  pre- 
paring a  statement  for  submittal. 

The  Mining  and  Minerals  Policy  Act  of  1970 
declares  that  it  is  the  continuing  policy  of  the 
Federal  Government  in  the  national  interest  to 
foster  and  encourage  private  enterprise  in  the 
development  of  an  economically  sound  and 
stable  domestic  mining  industry,  the  orderly 
and  economic  development  of  domestic  re- 
sources and  reserves,  and  the  reclamation  of 
metals  and  minerals  to  help  assure  the  fulfill- 
ment of  industrial,  environmental,  and  security 
needs. 


Forest  Service 
Regulations 

The  Forest  Service  Regulations  in  Title  36, 
Code  of  Federal  Regulations,  intend  to  pro- 
vide for  a  minimum  adverse  environmental  im- 
pact on  the  National  Forest  System  surface 
resources  from  mining  operations. 
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To  minimize  surface  resource  impact  on 
mining  claims,  the  regulations  require  that  an 
operator  who  is  conducting  prospecting,  ex- 
ploration, development,  mining,  or  processing 
of  mineral  resources  in  a  National  Forest  file  a 
notice  of  intent  or  plan  of  operations  when  the 
proposed  work  will  cause  a  significant  disturb- 
ance of  the  surface  resources. 

The  notice  of  intent  is  submitted  to  the 
District  Ranger  for  determination  of  significant 
disturbance  of  the  surface  resources.  If  signifi- 
cant disturbance  will  result,  in  the  opinion  of 
the  District  Ranger,  the  operator  is  required  to 
submit  a  proposed  plan  of  operations. 

A  notice  of  intent  and  a  plan  of  operations 
need  not  be  submitted  for  prospecting  opera- 
tions that  use  existing  roads  and  occasionally 
remove  samples  in  amannerthatwill  not  cause 
significant  surface  disturbance.  Claim  staking 
subsurface  operations,  and  work  that  does  not 
disturb  vegetation  or  use  mechanical  earth- 
moving  equipment  are  exempt  from  the  notice 
requirements  under  the  regulations. 

The  notice  of  intent  to  operate  must  provide 
enough  information  to  identify  the  area 
involved,  the  nature  of  the  proposed  opera- 
tions, the  route  of  access,  and  the  method  of 
transport.  The  District  Ranger  must  notify  the 
operator  within  15  days  if  a  plan  of  operations 
is  required. 

The  notice  of  intent  may  be  bypassed  by 
filing  a  plan  of  operations  when  the  operator  is 
certain  that  his  operations  will  cause  a  signifi- 
cant surface  disturbance. 

The  plan  of  operations  must  include: 

1.  The  name  and  legal  mailing  address  of  the 
operator  (and  claimants  if  they  are  not  the 
operators)  and  their  lessees,  assigns,  or 
designees. 

2.  A  map  or  sketch  showing  information 
sufficient  to  locate  the  proposed  area  of  opera- 
tions on  the  ground,  existing  and  proposed 
roads  or  access  routes  to  be  used  in  connec- 
tion with  the  operations  as  set  forth  in  the  regu- 
lations, and  the  approximate  location  and  size 
of  areas  where  surface  resources  will  be 
disturbed. 

3.  Information  sufficient  to  describe  or  iden- 
tify the  type  of  operations  proposed  and  how 
they  would  be  conducted,  the  type  and  stand- 
ard of  existing  and  proposed  roads  or  access 
routes,  the  means  of  transportation  used  or  to 
be  used,  the  period  during  which  the  proposed 


activity  will  take  place,  and  measures  to  be 
taken  to  meet  the  requirements  for  environ- 
mental protection. 

The  plan  of  operations  must  cover  the  re- 
quirements reasonably  foreseen  for  the  opera- 
tion for  the  full  estimated  period  of  activity. 
Whenever  the  operator  proposes  operations 
not  foreseen  in  the  initial  plan,  he  must  file  a 
supplemental  plan  or  plans. 

Approval  must  be  obtained  of  a  proposal  to 
build  an  access  road  to  the  project  area  to  be- 
gin any  planned  operations.  Without  reason- 
able access,  many  exploration  projects  are  not 
viable.  Exploration  activity  in  the  National 
Forests  can  be  delayed  by  requirements  im- 
posed under  the  National  Environmental 
Policy  Act. 

After  the  Forest  Service  completes  an  envi- 
ronmental analysis  in  connection  with  each 
proposed  operating  plan,  the  Forest  Service 
officer  will  determine  whether  an  environ- 
mental statement  is  required.  Not  every  plan  of 
operations,  supplemental  plan,  or  modification 
will  involve  the  preparation  of  an  environ- 
mental statement.  Environmental  impacts  will 
vary  substantially  depending  on  whether  the 
nature  of  operations  is  prospecting,  explor- 
ation, development,  or  processing,  and  on  the 
scope  of  operations  (such  as  size  of  opera- 
tions, construction  required,  length  of  opera- 
tions, and  equipment  required)  resulting  in 
varying  degrees  of  disturbance  to  vegetative 
resources,  soil,  water,  air,  or  wildlife.  The  Forest 
Service  will  prepare  any  environmental  state- 
ments that  may  be  required. 

When  the  District  Ranger  receives  the  pro- 
posed plan  of  operations  he  must  promptly 
acknowledge  its  receipt. 

The  authorized  officer  must  make  an  envi- 
ronmental analysis  within  30  days  and: 

1.  Notify  the  operator  that  he  has  approved 
the  plan  of  operations,  or 

2.  Notify  the  operator  that  the  proposed 
operations  are  such  as  not  to  require  an  opera- 
ting plan;  or 

3.  Notify  the  operator  of  any  changes  in,  or 
additions  to,  the  plan  of  operations  deemed 
necessary  to  meet  the  purpose  of  the  regula- 
tions; or 

4.  Notify  the  operator  that  the  plan  is  being 
reviewed,  but  that  more  time,  not  to  exceed  an 
additional  60  days,  is  necessary  to  complete 
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the  review,  setting  forth  the  reasons  why  addi- 
tional time  is  needed.  Provided,  however,  that 
days  during  which  the  area  of  operations  is 
inaccessible  for  inspection  shall  not  be  in- 
cluded when  computing  the  60-day  period;  or 

5.  Notify  the  operator  that  the  plan  cannot 
be  approved  until  a  final  environmental  state- 
ment has  been  prepared  and  filed  with  the 
Council  on  Environmental  Quality. 

After  an  operation  begins,  the  Forest  Service 
has  the  right  to  inspect  the  operation  and  issue 
notices  of  noncompliance  with  the  plan.  Non- 
compliance notices  must  indicate  what  is 
needed  to  correct  the  problems  identified. 

Some  considerations  in  environmental  pro- 
tection are:  air,  water,  solid  wastes,  scenic 
values,  fish  and  wildlife  habitat,  roads,  reclama- 
tion, erosion,  landslides,  water  runoff,  control 
of  toxic  materials,  reshaping  and  revegetation 
of  disturbed  areas,  and  rehabilitation  of  fish 
and  wildlife  habitat  when  the  operation  is 
completed. 

After  the  operation  ceases  permanently,  the 
site  must  be  cleaned  up  within  a  reasonable 
time.  This  may  include  removing  equipment 
and  structures  or  other  facilities. 

When  a  plan  of  operations  is  filed,  a  bond 
may  be  required  assuring  that  reclamation  is 
completed  in  accordance  with  the  plan  of 
operations. 

While  awaiting  approval  of  the  plan  of  opera- 
tions the  authorized  officer  will  approve  the 
work  needed  to  perform  assessment 
requirements. 

During  operations  under  an  approved  plan, 
the  authorized  officer  may  request  a  modifica- 
tion to  minimize  unforeseen  significant  disturb- 
ances. The  Forest  Service  may  be  required  to 
suggest  reasonable  means  of  correcting  the 
problem.  The  Forest  Service  may  attempt  to 


close  down  an  operation  that  is  causing  ir- 
reparable and  unnecessary  injury  to  the  sur- 
face resources. 

The  Forest  Service  will  arrange  for  consulta- 
tion with  the  Geological  Survey  and  the  Bureau 
of  Mines  or  other  appropriate  U.S.  Department 
of  Interior  agencies  on  significant  technical 
questions  of  geology,  development  systems, 
techniques,  and  equipment.  The  operator  may 
request  this  type  of  consultation. 

All  of  the  information  will  be  available  for 
examination  by  the  public,  except  for  informa- 
tion and  data  designated  as  confidential  by  the 
operator.  Confidential  information  might  in- 
clude trade  secrets,  privileged  financial  and 
commericial  information  such  as  the  known  or 
estimated  outline  of  a  mineral  deposit  and  its 
exact  location,  the  details  of  an  exploration 
project,  and  other  competitive  commercial 
information. 

An  operator  aggrieved  by  a  decision  of  an 
authorized  officer  may  file  an  administrative 
appeal  through  the  Forest  Service  appeal  sys- 
tem set  out  in  the  regulations.  Appeals  beyond 
the  prescribed  system  should  go  through  the 
appropriate  courts. 

The  regulations  are  applicable  in  Wilderness 
and  Primitive  Areas  as  long  as  the  mining  laws 
apply  in  these  areas. 

These  regulations  are  a  part  of  a  vigorous 
program  to  minimize  surface  damage  from 
mining  in  the  National  Forests.  Care  will  be 
taken  that  the  regulations  are  not  unreason- 
ably used  to  restrict  the  statutory  right  that  the 
miner  has  to  prospect  for,  and  develop,  min- 
erals in  public  lands  open  to  entry. 

The  regulations  are  in  Title  36,  Code  of 
Federal  Regulations.  A  question  and  answer 
pamphlet  on  this  subject  has  been  prepared  by 
the  Forest  Service. 
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PROSPECTING 


The  role  of  the  small  prospector-miner  has 
been  somewhat  distorted  by  romanticists,  who 
gloss  over  the  complex  series  of  steps  neces- 
sary to  take  a  prospect  into  production. 
Perhaps  only  in  the  early  gold  placers  of 
California,  Idaho,  and  Montana  were 
conditions  favorable  for  the  individual  miner  of 
early  years  to  develop  a  small  profitmaking 
operation  while  keeping  himself  fed  and 
clothed,  using  no  resources  other  than  his  own 
sound  health  and  optimism.  From  time  to  time, 
other  commodities  are  mentioned  as  the  hope 
or  refuge  of  the  small  miner,  such  as  tungsten, 
uranium,  and  quicksilver,  but  overthe  long  run, 
most  metal  production  comes  from  large  effi- 
cient operations  requiring  huge  capital 
investment. 

In  the  rare  instance  where  a  prospector  is 
successful  in  finding  a  promising  mineral 
showing,  his  first  thought  is  almost  always  to 
sell  out  to  someone  more  interested  than  he  in 
developing  a  mine.  Much  of  his  off-season  ac- 
tivity is  in  the  submittal  of  his  prospects  to  es- 
tablished companies.  The  prospector  does  not 
consider  himself  to  be  a  miner,  although  he 
often  seeks  temporary  employment  at  an  oper- 
ating mine  in  order  to  replenish  supplies,  pay 
bills,  or  to  wait  out  the  winter  season. 

There  is  obvious  romantic  appeal  and  adven- 
ture in  prospecting,  and  the  possible  financial 
reward  would  seemingly  be  an  irresistible  in- 
centive. Great  personal  satisfaction  can  be  de- 
rived from  watching  one's  preliminary  idea  of  a 
prospect  develop  into  an  important  resource. 
However,  few  people  seem  able  to  become 
proficient  at  prospecting  or  to  stay  at  it  long 
enough  to  be  reasonably  confident  of  success. 

Considering  the  nature  of  ore  deposits,  min- 
erals, andtheenclosing  wall  rocks,  itisobvious 
that  the  fundamental  basis  for  all  prospecting 
is  the  science  of  geology.  To  be  effective,  the 


prospector  must  possess  considerable  geo- 
logic knowledge  and  insight.  It  does  not  follow, 
however,  that  the  prospector  must  be  a  geolo- 
gist. Many  geologists  are  poor  prospectors. 
They  are  trained  to  move  relatively  rapidly 
across  the  ground,  recording  and  interpreting 
a  variety  of  information,  often  of  little  direct 
significance  to  ore  potential  but  necessary  for 
complete  reports  and  maps. 

Most  professional  geologists  are  salaried 
employees  or  contractors  and  are  reimbursed 
for  field  expenses.  Few  prospectors  are  sup- 
ported, if  at  all,  beyond  a  minimum  subsistence 
level.  The  typical  prospector  depends  largely 
or  entirely  upon  the  development  of  his  mineral 
discovery  for  financial  reward,  recognition, 
and  his  own  personal  sense  of  achievement.  A 
small  number  of  professional  geologists  work 
independently  in  mineral  exploration,  obtain- 
ing financial  support  from  small  companies  or 
investors'  syndicates. 

Corporate  geologists  involved  in  the  search 
for  minerals  most  often  work  as  a  part  of  a  team 
of  professional  specialists,  technicians,  con- 
tractors, and  consultants.  The  exact  makeup  of 
this  group  varies  from  one  area  to  another,  and 
depends  to  a  great  extent  upon  the  particular 
concepts  and  techniques  employed. 

Typically,  in  addition  to  the  geologist, such 
diverse  talents  are  represented  as  those  of  the 
geochemist,  geophysicist,  mining  engineer, 
metallurgist,  attorney,  mineral  economist, 
photointerpreter,  computer  expert,  laboratory 
scientist  (such  as  a  mineralogist),  and  field 
technician.  Any  of  these  company  personnel 
might  refer  to  himself  or  be  called  an  explor- 
ationist.  Although  the  exploration  work  that  he 
performs  might  sometimes  be  described  as 
prospecting,  he  does  not  think  of  himself  as  a 
prospector,  nor  is  it  likely  that  anyone  else 
would  refer  to  him  in  this  manner. 
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Usually  the  corporate  explorationist's  ac- 
tivities are  called  mineral  exploration,  orre- 
gional  mineral  exploration  where  there  might 
be  risk  of  confusion  with  physical  exploration-- 
the  systematic  probing  of  a  specific  prospect 
by  trenching,  drilling,  or  underground  work. 

Prospecting  is  therefore  usually  the  work  of 
the  prospector  or  the  independent  geologist, 
and  includes  ground  reconnaissance  and  pre- 
liminary aerial  observations.  Only  in  special 
situations  is  systematic  physical  work  such  as 
sampling  and  drilling  done  at  this  stage.  A  cor- 
porate group  usually  refers  to  their  preliminary 
mineral  reconnaissance  as  mineral  explor- 
ation. Exploration  at  the  project  level,  such  as 
drilling,  trenching,  and  digging  underground 
openings,  is  called  simply  exploration,  and 
considerable  confusion  can  result  when  some- 
one unfamiliar  with  the  specific  definitions 
used  by  an  exploration  group  first  comes  in 
contact  with  them. 

Prospectors  can  rarely  afford  to  explore  their 
own  prospects  to  any  extent,  and  must  interest 
a  well  financed,  established  mining  organiza- 
tion. In  general,  most  prospecting  or  regional 
mineral  exploration  is  done  before  property 
acquisition  is  undertaken.  Exploration  is  al- 
most never  started  until  property  acquisition  is 
complete. 

The  Conventional 
Prospector 

There  are  few  people  actively  interested  in 
prospecting  today  who  do  not  havesome  basic 
training  in  science  or  engineering,  if  nothing 
more  than  the  typical  requirements  for  gradua- 
tion from  high  school  or  an  infantryman's  map 
reading  course.  Each  year  the  opportunities 
expand  for  the  average  interested  person  to 
study  subjects  such  as  basic  geology  and  min- 
eralogy. Short  courses  in  prospecting  or  in 
specialized  aspects  of  mineral  exploration  can 
be  attended  by  the  private  individual,  although 
the  location  and  timing  of  such  offerings  are 
not  always  convenient. 

Rather  than  describe  today's  conventional 
prospector  as  lacking  in  formal  training,  it 
would  be  more  accurate  to  refer  to  him  as  a 
person  who  has  not  been  completely  trained  as 
a  professional  geologist  and  does  not  under- 
take geologic  work  for  others  on  a  professional 


basis.  A  proficient  prospector  will  have  trained 
himself  well  enough  to  be  able  to  conduct  in- 
dependent investigations  into  geological  rela- 
tionships he  knows  to  be,  or  has  been  told  are, 
important  in  ore  localization. 

The  greatest  opportunity  for  the  modern 
prospector  is  in  following  the  development  of 
new  concepts  of  ore  localization  and  new  tech- 
niques and  instrumentation,  which  will  allow 
him  to  confidently  go  back  into  areas  inten- 
sively prospected  before  by  oldtimers.  If  the 
prospector  cannot  find  a  new  ore  target  or  a 
new  approach,  he  depends  far  more  upon  a 
stroke  of  luck  than  prudence  would  justify. 

An  easily  read  and  comprehensive  book  on 
prospecting  has  been  published  by  the  Cana- 
dian Department  of  Mines  and  Technical  Sur- 
veys ("Prospecting  in  Canada,"  by  A.  H.  Lang, 
Third  edition,  1970).  This  serious  treatment  of 
the  subject  emphasizes  Canadian  conditions, 
but  most  of  it  applies  to  prospecting  anywhere. 
It  is  an  excellent  source  of  information  for  both 
novice  and  professional. 

The  modern  prospector  has  advantages  over 
the  oldtimer  in  the  form  of  better  equipment, 
4-wheel  drive  surface  vehicles,  and  aircraft. 
Access  into  areas  of  interest  is  far  better,  and 
water,  diet,  and  health  conditions  are  not  the 
serious  problems  they  were  under  more  primi- 
tive circumstances.  Some  mining  experts 
would  counter  with  the  observation  that  the 
early  prospector  had  to  go  in  and  stay  in, 
making  him  much  more  effective  than  some  of 
the  modern  dilettantes. 

To  become  truly  competent  as  a  prospector, 
a  person  should  be  prepared  to  devote  at  least 
as  much  time  as  he  might  to  become  skilled  at 
some  other  occupation  such  as  automobile 
mechanic  or  carpenter.  He  should  read  trade 
journals  such  as  the  "Engineering  and  Mining 
Journal,"  newspapers  such  as  the  "Northern 
Miner,"  and  Government  publications  such  as 
"Mineral  Facts  and  Problems"  by  the  Bureau  of 
Mines  and  "United  States  Mineral  Resources" 
by  the  Geological  Survey.  The  latter  volume 
furnishes  many  important  facts  concerning 
most  mineral  resources  of  interest,  and  con- 
tains many  specific  suggestions  on  prospec- 
ting for  various  ore  types. 

To  a  lesser  extent  than  in  other  vocations,  it 
is  possible  for  the  beginner  to  seek  out  a  sea- 
soned professional  prospector  and  to  learn 
from    him   directly.   Such   an   apprenticeship 
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would  obviously  be  of  great  value  to  the  novice, 
but  there  is  rarely  an  incentive  for  the  exper- 
ienced hand  to  share  his  knowledge  and 
experience. 

An  experienced  prospector  who  can  effec- 
tively communicate  with  people  has  little  dif- 
ficulty today  in  obtaining  company  support  or 
the  backing  of  a  small  investment  syndicate 
composed  of  local  professional  or  business 
people.  The  United  States  tax  laws  encourage 
such  individual  investments,  inasmuch  as 
some  exploration  expenses  can  be  written  off 
against  other  income.  Long-term  capital  gain 
schedules  can  be  applied  to  some  profits,  and 
depletion  allowances  are  an  additional  incen- 
tive to  the  investor. 

For  a  variety  of  reasons,  the  number  of  full- 
time  professional  prospectors  in  western 
North  America  has  steadily  dwindled,  and 
most  of  the  important  discoveries  of  recent 
years,  particularly  in  the  United  States,  are  the 
direct  result  of  mineral  exploration  done  by 
corporations  or  by  independent  geologists. 


Amateur  Prospectors 

In  recent  years,  as  full-time  professional 
prospectors  have  almost  disappeared  from  the 
scene,  amateur  prospectors  have  become  far 
more  numerous.  To  many  outside  of  the 
mining  business  it  is  difficult  to  distinguish 
between  the  two. 

The  publicity,  somtimes  highly  distorted, 
given  to  rushes  such  as  the  uranium  boom  of 
the  1 950's,  the  convenience  of  modern  off-road 
vehicles.and  the  increasing  amount  of  leisure 
time  available  to  so  many,  have  combined  to 
produce  tens  of  thousands  of  amateur 
prospectors.  Some  of  these  individuals  make 
great  efforts  to  equip  and  train  themselves,  and 
they  are  capable  of  finding  prospects  worthy  of 
exploration  and  development.  However,  the 
majority  of  the  amateurs  are  poorly  motivated 
and  so  lacking  in  the  most  rudimentary 
knowledge  that  they  create  difficulties  for 
those  seriously  engaged  in  prospecting  and 
exploration. 

The  amateur's  common  lack  of 
consideration  for  the  rights  of  land  owners,  his 
abuse  of  laws  and  regulations,  and  his  ill- 
conceived  bulldozing  of  the  surface  have 
become  so  offensive  that  there  is  mounting 


pressure  for  drastic  restrictions  on  all 
prospecting  and  exploration  activities.  A  great 
deal  of  wisdom  and  fine  judgment  will  be 
required  in  finding  ways  to  regulate  the  recrea- 
tionist-prospector  while  not  unduly  restricing 
serious  prospectors  and  geologists  upon 
whom  the  Nation  depends  for  future  mineral 
discoveries. 


Regional  Mineral 
Exploration 

When  an  established  mineral  organization 
undertakes  the  exploration  of  a  large  new  area, 
some  considerations  are  simple  and  straight- 
forward. Aside  from  the  obvious  desire  to 
continue  in  the  business  of  producing 
minerals,  the  organization  may  consider: 

1.  Need  to  diversify. 

2.  Need  to  satisfy  customer  demand  for  a 
metal.  Some  manufacturers,  after  years  of 
dependence  upon  outside  suppliers,  may 
decide  to  enter  the  mining  field  themselves. 

3.  State  laws,  local  regulations,  and 
attitudes  may  encourage  exploration  in  a  given 
region. 

4.  The  company  may  be  well  established  in 
some  other  profitable  resource  industry  such 
as  petroleum,  and  be  prohibited  by  antitrust 
laws  from  purchasing  ongoing  mineral- 
producing  companies.  In  such  cases, entry  into 
the  mining  business  is  said  to  be  "via  the 
exploration  route." 

5.  The  desire  to  achieve  or  maintain  a 
reputation  as  the  major  supplier  of  a  certain 
commodity,  so  that  exploration  leads  of  all 
kinds  are  investigated  for  this  commodity, 
wherever  they  may  be  found. 

As  preliminary  planning  continues,  a 
combination  of  such  considerations  as  these, 
guided  to  a  large  degree  by  the  personal 
judgment  of  a  few  individual  decision  makers, 
will  quickly  focus  attention  upon  certain  areas, 
often  principally  by  a  process  of  elimination. 
The  resulting  area  of  interest  might  be  roughly 
100,000  square  miles  in  extent,  something  less 
than  the  area  of  one  of  the  western  States.  It 
may  not  bepossibletofurthernarrowdownthe 
area  of  interest  without  at  least  a  small  amount 
of  preliminary  field  reconnaissance. 

In  preliminary  planning,  a  certain  amount  of 
"elephant  country"  philosophy  is  involved  in 
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selecting  regions  in  which  to  hunt.  That  is,  one 
goes  to  Africa  to  hunt  elephants.  For  example,  in 
planning  the  exploration  for  large  low-grade 
copper  deposits,  the  obvious  potential  of  the 
Arizona-New  Mexico-Sonora  region  cannot  be 
matched  elsewhere.  Here, many  great 
porphyry  copper  deposits  are  developed 
literally  within  sight  of  each  other,  and  large 
new  deposits  continue  to  be  discovered  in  the 
region.  There  is  probably  no  other  area  on 
earth  so  intensively  explored  during  the  past 
decade. 

Wyoming  and  northwestern  New  Mexico 
have  an  impressive  number  of  large,  bedded 
uranium  deposits  that  can  be  mined  by  open 
pit  methods,  and  general  geologic  conditions 
are  permissive  of  many  more  such 
occurrences.  In  north-central  Nevada,  a  zone 
consisting  of  a  dozen  or  so  low-grade 
"invisible"  gold  deposits  has  recently  been 
identified  in  which  the  important  new  Carlin 
deposit  (the  first  major  open  pit  gold  mine  in 
North  America)  was  recently  discovered  and  is 
now  being  mined.  Geologic  conditions  in  the 
surrounding  region  suggest  that  similar 
additional  deposits  remain  undiscovered  and, 
in  terms  of  hunting  for  gold  deposits  of  the 
Carlin  type,  this  area  is  spoken  of  as  "elephant 
country." 

Exploration  Concepts 

Once  an  area  of  manageable  size  has  been 
selected  for  regional  mineral  exploration,  the 
first  step  is  to  assemble  all  pertinent 
information  such  as  published  geologic  maps 
and  reports,  private  company  data,  commodity 
maps,  topographic  map  coverage,  and  aerial 
photography.  Some  or  all  of  these  basic  data 
are  usually  compiled  on  some  suitable  small- 
scale  map,  such  as  the  1:250,000  U.S.  Army 
Map  Service  sheets  published  by  the 
Geological  Survey.  If  the  quality  of  published 
geologic  mapping  permits,  the  basic  geology, 
or  skeletonized  versions  of  it,  is  compiled.  The 
objective  of  this  work  is  to  define  those  areas 
which  contain  the  right  combination  of 
geological  conditions  to  localize  an  ore 
deposit  of  the  kind  sought. 

To  illustrate  the  procedure,  one  of  the  ore 
types  of  interest  in  western  North  America 
today  is  tungsten  (scheelite,  CaW04) 
mineralization  found  in  distinctive  skarn  zones 


(fig.  3),  where  lime-silicate  alteration  formed 
around  certain  igneous  intrusions  in  calcium- 
rich  rocks  such  as  limestone.  The  compilation 
for  exploration  of  this  ore  type  would 
emphasize  the  following  geologic 
characteristics  of  the  ore  type;  and  the  infor- 
mation would  be  gathered  from  literally 
thousands  of  different  published  sources: 

1.  The  location  and  character  of  igneous 
intrusives. 

2.  The  distribution  of  calcium-rich 
formations. 

3.  Previously  discovered  scheelite 
mineralization. 

4.  Showings  of  skarn. 

5.  Prospecting  activity,  particularly  near 
known  or  suspected  igneous  intrusions. 

6.  Areas  overlain  by  younger  sedimentary 
and  volcanic  formations  should  be  delineated 
carefully,  for  these  rocks  cover  the 
tungsten  deposits. 

Although  this  is  a  simplified  description  of 
the  steps  taken  to  evaluate  a  region  for  a  simple 
ore  type,  it  illustrates  the  approach  often  used 
for  whatever  kind  of  ore  sought.  The  emphasis 
on  different  kinds  of  geologic  evidence  varies 
from  one  ore  type  to  another.  The 
characteristic  that  may  be  important  in 
searching  for  one  kind  of  ore  may  have  little  or 
no  significance  in  hunting  for  another.  A  more 
detailed  discussion  of  the  criteria  for  the 
recognition  of  various  ore  types  is  given  in  the 
chapter  titled  "Exploration." 

A  number  of  features  of  interest  in  regional 
mineral  exploration  can  be  interpreted  directly 
on  vertical  aerial  photographs,  available  from 
the  various  Government  mapping  agencies  or 
taken  especially  for  the  purpose. 

Most  regional  exploration  leaves  few  marks 
upon  the  ground,  and  the  work  of  the 
prospector  or  geologist  cannot  be  detected 
after  several  storms  wash  away  the  imprint  of 
his  boot.  For  every  pit  or  other  obvious  sign  of 
fomer  prospectors'  interest,  there  are 
thousands  of  acres  where  the  signs  of 
mineralization  were  too  feeble  to  have 
attracted  his  attention.  Much  exploration  today 
is  done  from  aircraft  or  surface  vehicles 
identical  in  every  respect  to  other  surface 
users,  and  only  the  most  experienced  observer 
is    able    to    distinguish    the    explorationist's 
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Figure  3.— Skarn  tungsten  mineralization. 


activity  from  the  comings  and  goings  of  other 
scientists,  resource  managers,  and  outdoor 
enthusiasts. 

The  corporate  exploration  geologist  will 
usually  have  received  extensive  indoctrination 
from  his  superiors  concerning  the  various 
rules  to  be  observed  on  public  land  and  the 
need  for  cooperation  with  agency 
representatives.  He  will  be  correspondingly 
receptive  to  reasonable  suggestions  or 
instructions,  particularly  where  the  law  or 
regulation  clearly  covers  the  situation  in 
question. 

Preliminary  Evaluation  of 
Exploration  Results 

Once  specific  areas  of  mineral  potential  have 
been  defined,  the  results  of  prospecting  or 
reconnaissance  work  are  submitted  to 
management  before  proceeding  with  property 
acquisition  and  physical  exploration.  Every 
mineral  exploration  project  requires 
preliminary  estimation  of  the  merit  of  starting 
the  work  required  to  explore  and  develop  the 
prospect. 

The  prospector  or  geologist  makes  an  initial 
rough  estimate  of  the  general  form  and 
character  of  the  expected  ore  body.  The  pros- 
pector uses  this  original  concept  of  ore  in 
attempting  to  interest  people  in  taking  over  or 
financing  his  prospect.  The  geologist  uses  his 


concept  in  presenting  the  project  to 
management. 

Often  the  preliminary  report  contains 
carefully  prepared  maps,  quantitative  data, 
photographs,  and  geologic  cross  sections.  In 
larger  companies,  where  many  different 
exploration  proposals  may  be  considered 
simultaneously  at  regularly  scheduled 
meetings,  simplified  diagrams  are  prepared  to 
convey  complex  relationships  and  to  serve  as  a 
focal  point  for  discussion  and  decisionmaking. 

Each  mining  group  or  company  has  a 
different  objective  in  terms  of  size  and  type  of 
operation  desired.  The  small  mine  that  might 
be  financially  successful  for  a  small  group  or 
individual  is  normally  of  no  interest  to  a  major 
corporation.  Mining  ventures  must  be  capable 
of  producing  earnings  of  at  least  5  to  10  cents 
per  share  if  they  are  to  be  of  interest  to  the 
typical  mining  company. 

Up  to  this  point,  the  area  being  explored  may 
have  gone  through  a  continuing  process  of 
evaluation,  however  unsophisticated  and 
incomplete.  Analysis  of  cash  flow  is  almost 
always  done  before  the  decision  is  made  to 
proceed.  These  preliminary  evaluations  are 
usually  not  identified  as  "feasibility  studies," 
although  some  of  the  same  methods  may  be 
used  in  deciding  whether  or  not  to  continue.  A 
major  feasibility  study  and  thorough 
evaluation  is  requiredto  justify  the  multimillion 
dollar  capital  investment  typical  of  a  major 
mining  operation. 
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EXPLORATION 


The  selection  of  a  small  area  for  detailed 
exploration  may  be  the  result  of  regional 
reconnaissance,  a  spot  check  of  promising 
geologic  situations  described  in  published 
literature,  submittal  of  a  proposal  by  a 
prospector  or  independent  geologist,  or  the 
decision  to  restudy  an  old  mine  or  mining 
district. 

The  area  selected  for  detailed  work  usually 
embraces  additional  ground  outside  the  area 
of  actual  interest.  This  surrounding  ground 
may  not  be  concentric  to  the  prime  target  area. 
A  total  of  less  than  a  square  mile  to  as  much  as 
10  square  miles  of  land  may  be  involved, 
depending  upon  the  type  of  mineralization 
being  explored.  For  example,  the  area  required 
for  a  small  high-grade  mercury  or  gold 
prospect  may  consist  of  10  to  100  acres,  a 
massive  sulphide  base  metal  prospect  a  square 
mile  or  more,  and  major  potash  or  phosphate 
potential  might  require  acquisition  of  several 
square  miles  of  property. 

Mineral  rights  are  secured  as  soon  as 
possible  after  the  area  has  been  determined  to 
have  exploration  potential,  although  details  of 
property  acquisition  sometimes  go  on  during 
the  planning  and  initiation  of  physical 
exploration  work.  It  is  considered  good 
practice  to  locate  open  ground  before  making 
initial  contact  with  the  land  owners  and  prior 
claimants  in  the  area.  This  sometimes  leads  to 
misunderstandings,  because  ranchers  often 
do  not  remember  the  relationship  between 
their  private  land  holdings  and  various  surface 
leases  and  informal  agreements.  They  may 
become  upset  over  activity  on  what  they  have 
come  to  consider  their  private  property. 

When  undertaking  property  acquisition,  it  is 
necessary  to  move  quickly,  stake  all  open 
ground,    and    undertake    negotiations    with 


private  land  owners  and  prior  claimants 
afterward,  while  completing  the  location 
requirements  on  the  staked  ground.  A  period 
of  relative  quiet  usually  followsthis  initial  burst 
of  activity.  Local  residents  may  become 
somewhat  frustrated  at  the  apparent  lack  of 
followup  just  when  they  have  begun  to  be 
interested  in  developments.  After  sufficient 
ground  has  been  acquired,  detailed  plans  for 
exploration  are  made,  usually  at  a  regional 
office  some  distance  removed  from  the 
exploration  project  site. 

The  individual  States  specify  the  claim 
location  requirements,  and  no  two  laws  are 
exactly  alike.  Most  States,  for  example, 
Colorado  and  Nevada,  have  changed  their  laws 
to  provide  for  staking  claims  without 
performing  the  physical  "location  work"  which 
became  so  damaging  to  the  surface 
environment  after  the  advent  of  the  bulldozer. 
Some  States  require  a  map  showing  the 
location  of  the  claim.  This  is  done  so  that  other 
interested  parties  can  fina  the  claim  on  the 
ground,  and  to  eliminate  the  fraudulent 
practice  of  moving  claims  over  discoveries 
made  by  others—the  major  abuse  of  the  mining 
laws  from  the  miner's  point  of  view. 

These  new  State  laws  eliminate  poorly 
planned  trenching  and  bulldozing  at  the  time 
of  claim  location,  but  of  course  do  not  restrict 
or  limit  the  carefully  planned  exploration  work 
the  claimant  may  later  do,  nor  minimize 
assessment  work  requirements. 

In  many  regions,  indiscriminate  bulldozer 
work  in  performance  of  claim-staking 
requirements  is  a  far  more  widespread  and 
serious  disturbance  of  the  surface  than  actual 
mining.  Such  senseless  scraping  of  thesurface 
should  be  discouraged  in  those  States  where 
the  locator  has  theoption  of  not  doing  physical 
location  work  upon  the  ground. 


26 


Planning 


After  mineral  rights  have  been  acquired  and 
preliminary  estimates  of  profitability  made, 
attention  turns  to  the  choice  of  exploration 
methods  to  be  used  and  the  sequence  in  which 
they  are  to  be  employed.  Personnel 
assignments  are  made,  outside  services 
contracted,  and  necessary  equipment 
obtained  and  allocated. 

Personnel 

A  project  manager  is  appointed,  his  title  and 
professional  specialty  depending  upon  the 
kind  of  exploration  work  to  be  done.  Most  often 
he  will  be  a  geologist,  and  he  will  usually 
remain  solely  occupied  with  this  project 
through  to  completion. 

All  important  contact  should  be  with  the 
project  manager,  for  often  he  alone  has  the 
knowedge  and  authority  to  make  decisions 
and  to  commit  the  company  to  a  particular 
course  of  action.  Contractors'  employees  are 
particularly  to  be  avoided,  forthey  may  have  an 
erroneous  conception  of  the  objectives  of  the 
work,  and  are  rarely  authorized  to  talk  with 
outsiders. 

Exploration  projects  such  as  drilling 
programs  are  commonly  company  training 
grounds  for  recent  graduates  and  college 
students  on  summer  vacation.  Such  junior 
personnel  usually  have  an  imperfect 
understanding  of  the  overall  objectives  of  the 
program.  Unless  it  is  made  very  clear  that  such 
employees  can  be  contacted,  unauthorized 
attempts  to  obtain  detailed  information 
directly  from  them  are  almost  certain  to 
jeopardize  relationships  with  the  project 
manager. 

Access 

Provision  must  be  made  for  acess  to  the  drill 
sites,  movement  of  staff  and  contractor  per- 
sonnel, water  for  drilling  supplies,  and  removal 
of  samples.  In  the  dry  season,  in  highly  fractur- 
ed ground,  exploration  drilling  may  require 
thousands  of  gallons  of  water  per  day,  and  a 
major  aspect  of  the  work  becomes  the  constant 
movement  of  large  water  trucks.  Where  water 
is  scarce,  the  drill  contractor  may  purchase  it 
on  some  such  basis  as  a  flat  fee  per  load  paid  to 
the  owner  of  a  nearby  well  or  pond.  The  drills, 


tank  trucks,  and  smaller  vehicles  used  in 
transporting  men  and  equipment  are  heavy 
duty,  usually  with  4-wheel  drive,  capable  of 
negotiating  steep  terrain  over  very  poor  trails 
and  roads. 

When  larger  drills  are  employed,  flat  pads 
as  much  as  half  an  acre  in  size  are  leveled  to 
site  the  equipment,  install  mud  tanks,  and 
provide  for  sample  collection  and  parking  for 
personnel.  The  smaller,  skid-mounted  drill 
rigs  can  be  moved  under  their  own  power  by 
utilizing  the  cable  and  draw  works  in  a  winch- 
ing arrangement,  to  move  them  over  bare 
ground  and  up  steep  slopes  to  unprepared 
sites.  Auxiliary  equipment  such  as  pumps  and 
tanks  can  be  pulled  into  position  by  the  drill. 

Exploration  drills  and  related  machines  are 
powered  by  gasoline  or  diesel  engines,  and 
require  a  modest  amount  of  fuel  storage  at  the 
drill  site.  Electricity  requirements  are  small, 
and  supplied  by  generators  integral  within  the 
equipment,  or  by  small  portable  power  plants 
of  1/2-  to  5-kilowatt  capacity. 

Trailer-mounted  air  compressors  are  used  in 
some  kinds  of  exploration  drilling.  Small  track- 
mounted,  air-operated  drills  are  available. 
These  are  maneuverable  enough  to  work  in 
rough  country  without  preparing  elaborate 
drill  roads  or  constructing  drill  sites. 

If  terrain  conditions  are  unusually  severe  or 
if  road  construction  is  impossible,  helicopters 
can  be  used  to  mobilize  and  service  the  drills, 
although  at  much  higher  cost.  When  not  care- 
fully planned  and  efficiently  utilized,  helicopter 
servicing  of  exploration  drills  becomes  prohib- 
itively expensive. 

Because  of  the  large  size  of  the  drilling  ma- 
chinery required  on  most  modern  exploration 
projects,  it  is  rarely  feasible  to  use  horses  to 
mobilize  and  service  the  work.  The  small  port- 
able drills  advertised  in  rockhound  news- 
papers are  not  adequate  for  most  exploration 
work,  and  find  application  only  in  very  special 
situations. 

Occupancy 

Where  feasible,  exploration  work  is  based 
from  established  motels,  hunting  and  fishing 
camps,  or  ranches  or  farms.  Families  are  usu- 
ally housed  in  mobile  homes  located  in  the 
nearest  population  center  where  utility  hook- 
ups are  available.  In  more  remote  situations, 
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semipermanent  or  permanent  buildings  may 
be  necessary,  particularly  after  encouraging 
results  are  obtained  from  preliminary  drilling. 
The  first  requirement  is  usually  for  sample 
handling  in  a  geologic  warehouse  that  can  be 
locked. 

Communications 

Elaborate  communications  are  usually  not 
required  on  exploration  projects  except  in  the 
most  remote  situations.  On  large  projects,  or 
when  work  extends  into  the  severe  weather 
season,  company  or  contractor  may  operate 
radios  to  facilitate  movement  of  men,  equip- 
ment, and  supplies,  and  to  provide  a  measure 
of  security  in  the  event  of  sudden  illness  or  ac- 
cidental injury. 

Property  Adjustments 

As  attention  focuses  upon  the  specific  target 
area,  it  is  sometimes  necessary  to  make  adjust- 
ments in  property  or  in  the  conditions  of  min- 
eral ownership.  For  example,  it  may  become 
obvious  that  a  certain  area  may  be  the  only 
suitable  site  for  disposal  of  mill  tailings,  and 
planning  should  begin  to  consider  this  as  a  rel- 
atively inflexible  fact. 

Before  actual  discovery  of  ore  is  made,  a 
minor  overlapping  of  prior  claimants'  locations 
might  easily  be  resolved  by  a  simple  agreement 
to  share  royalty  on  production  that  might  come 
from  the  disputed  area.  It  may  be  possible  to 
secure  agreement  from  all  mineral  claimants 
that  vertical  sidelines  will  determine  mineral 
ownership  ratherthan  leave  open  the  complex- 
ities of  extralateral  rights.  Careful  surveys  of 
particularly  troublesome  claim  boundaries 
may  be  contracted  to  a  U.S.  Mineral  Surveyor 
with  everyone's  agreement  to  abide  by  his  sur- 
vey. Reasonable  discussion  is  usually  possible 
before  ore  is  found.  After  ore  is  found,  the  same 
suggestion  might  result  in  an  immediate  law- 
suit or  the  threat  of  lease  cancellation. 

Contact  With  Federal  Agencies 

In  the  earliest  stages  of  planning  physical  ex- 
ploration work,  consideration  must  be  given  to 
the  operating  plan  to  be  submitted  to  the  For- 
est Service  if  the  claims  are  on  National  Forest 
land.  Up  to  this  point,  particularly  if  it  was  pos- 


sible to  locate  the  claims  without  doing  bull- 
dozer work  or  constructing  roads,  the  surface 
disturbance  being  minimal,  the  job  may  have 
been  done  without  an  operating  plan. 

Construction  or  improvement  of  access 
roads,  drill  sites,  trenches,  pits,  or  landing 
areas  for  aircraft  make  it  necessary  to  secure 
an  approved  operating  plan.  The  location  and 
nature  of  the  work  must  be  specified,  and  the 
work  done  in  such  a  manner  as  to  minimize 
surface  damage  and  coordinate  with  other  sur- 
face uses. 

The  intent  is  not  to  regulate  the  mining  in- 
dustry or  to  manage  mineral  resources,  but  to 
minimize  damage  to  the  surface  environment. 
In  some  cases  it  will  be  necessary  for  the  op- 
erator to  submit  information  normally  regard- 
ed as  secret  or  competitive  within  the  mining 
industry.  In  such  cases,  information  necessary 
for  approval  of  the  operating  plan  will  be  fur- 
nished on  a  confidential,  need-to-know  basis, 
preferably  to  a  Forest  Service  mining  engineer 
or  geologist. 


Geological 
Exploration  Methods 

Understanding  of  the  geology  of  the  ore  de- 
posit and  its  general  geologic  setting  is  abso- 
lutely necessary  at  every  step  in  prospecting 
exploration,  and  development.  The  principal 
method  of  portrayal  of  this  information  is 
through  the  use  of  geologic  maps  and  cross 
sections,  which  are  constantly  reworked  and 
updated  as  work  progresses  and  new  infor- 
mation becomes  available.  Geologic  maps  and 
sections  are  fundamental  in  exploration  plan- 
ning, correlation  and  evaluation  of  preliminary 
results,  and  in  reporting  to  management. 

The  geologic  field  methods  most  commonly 
used  are: 

1.  Geological  detail  is  plotted  directly  on 
field  sheets  made  from  maps  published  by  the 
U.S.  Government,  or  made  by  Kelsh  plotter 
using  large-scale  aerial  photographs  taken 
especially  for  the  purpose.  Geology  may  be 
mapped  directly  on  the  aerial  photographs 
from  which  the  Kelsh  map  was  made,  or  on  en- 
largements of  them,  and  transferred  to  the 
topographic  base  afterward. 
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Figure  4.— Compass  and  tape  method  of  mapping  small  prospects. 


2.  Transit  and  stadia  are  used  to  prepare 
large-scale  topographic  maps  and  to  record 
geologic  detail  simultaneously.  The  plane 
table  and  alidade  method,  popular  with  Geo- 
logical Survey  and  petroleum  company  geol- 
ogists,  is  little  used  in  mineral  exploration. 

3.  Brunton  compass  and  simple  optical 
rangefinders  are  sometimes  used  in  detailed 
mapping  where  extreme  accuracy  is  not  re- 
quired. This  method  is  popular  with  many  geol- 
ogists because  it  is  possible  to  work  alone. 

4.  Brunton  compass  and  tape  (fig.  4)  some- 
times used  to  provide  base  control,  make  the 
topographic  map,  and  to  record  geologic  de- 
tail where  a  large-scale  map  is  required  of  a 
small  area.  A  closed  Brunton  compass  and 
tape  traverse  is  usually  surveyed  as  the  base 
control. 

5.  Some  geologists  do  preliminary  geologic 
mapping  of  prospects  on  enlargements  of  ver- 
tical aerial  photographs  or  small-scale  topo- 
graphic maps  available  from  various  Govern- 
ment agencies.  The  initial  saving  in  time  and 
cost  is  more  than  offset  by  the  frustration  and 
slow  pace  of  mapping  this  way.  Serious  errors 
of  distortion  result  from  enlargement  to  a  scale 
suitable  for  exploration  work. 


The  geologic  details  shown  on  maps  and 
sections  are  observed  in  outcrops,  excavations, 
underground  openings,  and  samples  taken 
from  drill  holes.  The  data  obtained  between 
surface  bedrock  observations  are  plotted  by 
careful  projection  and  matching  of  known 
data,  inspection  of  float  (fragments  of  rock 
lying  in  the  soil  that  are  large  enough  to  be 
visually  studied)  is  a  method  much  used  in  pro- 
jecting geology. 

Criteria  for  Ore  Recognition 

The  geologic  features  of  importance  in  min- 
eral exploration  vary  considerably  from  one 
ore  type  to  another,  and  what  might  be  of  im- 
portance in  one  oretype may  beof  minorsigni- 
ficance  in  another.  However,  there  are  a  few 
criteria  for  the  recognition  of  ore  that  are  al- 
most always  considered,  regardless  of  ore 
type,  and  a  brief  listing  and  discussion  will 
serve  to  illustrate  the  methods  of  the  geologist 
in  exploration  work.  Some  criteria  for  ore  rec- 
ognition are: 

1.  Igneous  rock  affiliation. 

2.  Host  rock  association. 

3.  Wall  rock  alteration. 
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4.  Age  of  mineralization. 

5.  Gangue  mineral  association. 

6.  Trace  metal  association. 

7.  Structural  controls. 

8.  Physiographic  expression. 

9.  Weathering  effects. 

10.  Ore  mineralogy. 

Igneous  rock  affiliation— Many  ore  deposits 
are  associated  with  or  contained  within  certain 
kinds  of  igneous  rocks.  For  example,  chromite 
ores  are  always  found  in  a  special  kind  of  iron- 
rich  rock.  Some  types  of  tungsten  mineraliza- 
tion are  always  found  associated  with  certain 
granitic  rocks. 

Host  rock  association— Certain  kinds  of  wall 
rock  act  as  host  to  specific  ore  types.  For  ex- 
ample, ancient  reef  deposits,  similar  to  the  mod- 
ern coral  reefs  of  the  South  Pacific,  are  inter- 
layered  within  marine  formations  such  as  lime- 
stone. Fossil  reefs  are  an  important  locus  for  a 
variety  of  important  precious  and  base  metal 
deposits. 

Wall  rock  alteration—The  mineralizing  fluids 
that  deposit  ores  sometimes  permeate  outward 
into  the  enclosing  host  rock,  causing  subtle 
changes  in  a  ring-shaped  contact  zone  (aure- 
ole) around  the  ore  body  (fig.  5).  For  example, 
limestone  surrounding  certain  silver-lead  ores 
is  recrystallized  to  dolomite,  coarsening  the 
texture  of  the  rock  slightly,  and  making  it  visi- 
bly lighter  in  color.  The  aureole  of  wall  rock  al- 
teration is  quite  useful  in  mineral  exploration, 
for  it  is  much  larger  than  the  ore  deposit  itself, 


and  usually  is  subtle  enough  to  have  escaped 
notice  of  the  early  prospectors  and  miners. 

Age  of  mineralization—Some  ore  deposits 
occur  only  in  rocks  of  a  definite  age.  For  ex- 
ample, much  of  the  world's  potash  is  Permian 
in  age  (280  to  225  million  years),  and  the  bed- 
ded barite  deposits  of  the  West  are  largely  re- 
stricted to  formations  of  Silurian  and  Devonian 
age  (430  to  345  millions  years).  Many  such 
simple  age  relationships  are  only  now  becom- 
ing generally  recognized,  and  the  concept  will 
be  helpful  in  the  mineral  evaluation  of  many 
regions. 

Gangue  mineral  assoc/af/on--Many  ore 
types  have  distinctive  gangue  mineral  associa- 
tions (undesired  minerals  associated  with  the 
ore)  that  can  be  of  use  in  mineral  exploration. 
For  example,  two  major  regional  ore  belts,  the 
Mother  Lode  gold  and  the  Foothills  base  metal 
zones  of  California  come  together  and  mingle 
northwest  of  Yosemite  National  Park.  Prospec- 
tors quickly  learned  that  the  appearance  of 
barite  in  float  or  in  the  prospect  pan  was  good 
evidence  that  the  mineralization  was  of  the 
base  metal  type,  not  gold. 

Trace  metal  associations— Many  kinds  of  ore 
deposits  have  distinct  combinations  of  minute 
amounts  of  metal  found  in  association  with  the 
principal  ore  metal,  helping  to  distinguish  one 
ore  type  from  another.  For  example,  the  copper 
deposit  containing  nickel  and  cobalt  is  of  en- 
tirely different  character  than  a  copper- 
molybdenum  association. 
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Figure  5.-Wall  rock  alteration  as  a  guide  to  ore. 
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Figure  6.~Physiographic  expression  of  ore. 


Structural  controls—The  analysis  of  struc- 
tural control  of  ore  is  usually  of  prime  impor- 
tance in  planning  exploration,  development, 
and  production.  On  a  regional  scale,  ore  de- 
posits may  be  found  in  elongated  rows  of  indi- 
vidual ore  occurrences  or  clusters  of  occur- 
rences which  are  referred  to  as  mineral  belts  or 
mineral  lineaments.  Along  these  trends,  above- 
average  potential  for  ore  exists.  On  a  more  re- 
stricted scale,  the  ore  types  of  a  given  district 
may  occur  along  a  single  fault  or  beneath  a 
thrust  plane,  focusing  attention  upon  an  unex- 
plored block  of  ground.  Such  relationships 
may  become  apparent  only  afterthe  most  pains- 
taking detailed  geologic  mapping. 

Physiographic  expression— Individual  ore 
deposits,  and  sometimes  entire  mining  dis- 
tricts, are  commonly  altered,  mineralized,  and 
weathered  so  that  the  rock  matrix  consists  es- 
sentially of  chemically  unstable  or  soft,  easily 
weathered  minerals  and  rocks  (fig.  6).  Erosion 
cuts  into  such  zones,  and  the  resulting  depres- 
sions are  often  filled  with  gravel  and  lava  flows 
and  are  usually  densely  overgrown  with  vege- 
tation, all  but  concealing  evidence  of  mineral- 
ization. The  recognition  of  mineralization 
fringe  effects,  and  the  lateral  projection  of  such 
indications  beneath  cover,  is  an  approach  used 
by  many  explorationists. 

Weathering  effects— Many  of  the  mineral  de- 
posits currently  of  interest  consist  of  relatively 


small  specks  of  valuable  mineral  scattered 
through  a  worthless  rock  matrix.  The  ore  min- 
erals themselves  are  often  chemically  unstable 
under  the  weathering  conditions  at  and  near 
the  surface.  The  ore  minerals  of  copper,  silver, 
and  uranium,  for  example,  rarely  survive  in- 
tense weathering  and  are  decomposed  so  that 
some  or  all  of  the  metal  is  flushed  from  the  out- 
crop in  aqueous  solution  (ground  water).  This 
near-surface  zone  of  leaching  and  flushing  is 
called  the  leached  capping,  and  it  may  contain 
none  of  the  ore  minerals  characteristic  of  the 
unweathered  ore  deposit  below.  The  recogni- 
tion of  leached  cap  rock  has  been  a  very  suc- 
cessful tool  of  the  modern  exploration  geolo- 
gist, because  the  various  stable  oxides,  sul- 
phates, and  carbonates  of  metals  most  often 
remaining  in  outcrop  are  extremely  difficult  to 
recognize  and  were  easily  missed  by  earlier 
explorers. 

Ore  mineralogy— In  some  instances  the  min- 
eralogy of  the  ore  itself  may  be  important.  For 
example,  aluminum  is  one  of  the  most  abun- 
dant elements  in  the  earth's  crust,  yet  only 
bauxite  (a  relatively  rare  mixture  of  aluminum 
hydroxides)  has  been  mined  as  an  ore  of 
aluminum. 

Most  geologists  have  a  checklist  of  ore  cri- 
teria they  think  important  for  each  ore  type  of 
interest.  They  might  refer  to  the  total  picture  of 
all  criteria  considered  together,  as  a  "concep- 
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tual  model"  of  that  type  of  ore  occurrence.  They 
may  also  have  definite  ideas  about  the  size,  shape, 
and  grade  to  be  expected  of  this  hypothetical 
ore  deposit.  Obviously,  a  conceptual  model 
can  be  of  great  help  in  planning  exploration, 
during  mapping  and  drilling,  and  in  all  phases 
of  the  evaluation  of  results,  if  the  risks  inherent 
in  any  generalization  are  kept  in  mind.  The  use 
of  a  formal  conceptual  model  is  often  found  to 
improve  communications  with  management 
and  to  facilitate  discussions  between  explora- 
tionists,  such  as  those  between  geologist  and 
geophysicist. 


Geochemical 
Exploration  Methods 

The  recent  great  progress  made  in  rapid,  in- 
expensive methods  of  trace  metal  analysis  has 
resulted  in  a  variety  of  applications  in  geology. 
These  are  referred  to  as  geochemistry.  In  min- 
eral exploration,  geochemistry  is  broadly  ap- 
plied in  two  different  situations.  Numerous 
samples  are  often  collected  incidental  to  other 
exploration  work,  such  as  geological  mapping 
of  underground  workings.  These  samples  are 
submitted  for  trace  metal  analysis  and  the  re- 
sults incorporated  into  the  overall  geologic  in- 
terpretation. No  confusion  seems  to  result  in 
calling  this  work  geochemistry,  even  though 
the  same  term  is  used  to  describe  trace  metal 
analysis  of  air,  water,  soil,  and  rock  materials 
as  an  exploration  method  in  its  own  right. 


Reconnaissance  Geochemistry 

In  applying  geochemistry  in  regional  mineral 
exploration,  the  basic  requirement  is  for  a 
rapid,  relatively  inexpensivetechniquethatwill 
efficiently  narrow  interest  to  areas  small 
enough  to  explore  by  more  detailed  methods. 
Simple  observations  can  be  made  from  the  air, 
either  visually,  by  the  person  in  charge  of  the 
work,  or  by  interpretation  of  aerial  photog- 
raphy. Black  and  white  and  color  photo- 
graphs are  used,  and  false  color  effects  are  ob- 
tained by  using  special  films  and  filters  to  em- 
phasize unusual  rock,  soil,  and  vegetative 
effects. 


Geobotanical  methods  of  prospecting  in- 
volve the  visual  observation  of  changes  in  the 
normal  appearance  or  distribution  of  certain 
vegetation.  The  plant  may  show  visible  toxic 
effects  such  as  deformed  or  discolored  leaves, 
or  unusual  size.  In  some  cases  the  very  pres- 
ence or  absence  of  a  given  kind  of  vegetation 
may  betray  unusual  nutritive  or  toxic  condi- 
tions. In  one  region,  the  discoloration  of  the 
leaves  of  a  common  tree,  observed  from  fixed- 
wing  aircraft,  led  to  the  discovery  of  a  major 
new  copper  district.  In  another  area,  the  wide 
spacing  of  a  shrub  common  to  the  region,  with 
intervening  ground  bare  of  grass,  is  a  good  in- 
dication of  the  host  rock  of  nickel  silicate  min- 
eralization. 

Various  air  "sniffing"  devices  are  coming 
into  use  in  regional  mineral  exploration.  Air- 
borne, vehicle-mounted,  and  sample  station 
detectors  have  been  designed  to  measuresuch 
indicators  as  mercury  vapor,  sulfur  dioxide, 
and  radon  gas  in  atmospheric  and  soil  air, 
which  may  betray  a  weathering  ore  deposit  be- 
low the  surface,  perhaps  even  beneath  a  con- 
siderable thickness  of  soil. 

The  geochemistry  of  surface  and  under- 
ground water  is  a  reconnaissance  exploration 
tool.  Samples  from  springs,  wells,  and  streams 
may  contain  trace  amounts  of  metal  in  solu- 
tion, indicating  that  the  water  has  come  in  con- 
tact with  a  concentration  of  the  metal,  perhaps 
an  ore  deposit.  Where  surface  water  is  insuf- 
ficient for  adequate  sample  coverage,  a  popu- 
lar method  is  to  analyze  small  samples  of  silt 
from  the  streambed  itself.  This  method  enjoys 
great  popularity  in  more  arid  regions  because 
it  is  straightforward  and  can  be  done  by  tech- 
nicians. However,  results  have  proved  very  dif- 
ficult to  interpret  and  follow  up,  and  much  less 
stream  sediment  sampling  is  being  done  today 
than  10  years  ago. 

Rocks 

Perhaps  the  most  favored  detailed  geochem- 
ical exploration  method  at  present  is  the  col- 
lection of  rock  chip  samples,  analyzed  to  deter- 
mine if  significant  patterns  may  guide  explora- 
tion. Many  of  the  elements  contained  in  ore  de- 
posits, and  the  surrounding  envelope  of  al- 
tered rock,  are  not  chemically  stable  in  outcrop 
and  may  be  leached  from  the  surfacezone.  For 
example,  a  relatively  high  grade  vein  of  copper 
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Figure  7.— Metal  zoning  in  a  vein  system. 


may  be  so  thoroughly  weathered  and  flushed 
from  the  surface  that  no  obvious  copper  min- 
erals can  be  visually  identified,  and  geochem- 
ical  values  may  be  far  below  the  metal  content  of 
minable  ore,  although  still  high  enough  to  be 
indicative  of  commercial  possibilities. 

Much  rock  chip  geochemistry  is  done  in  the 
hope  that  zonal  patterns  may  be  discerned, 
pointing  to  the  area  most  likely  to  contain  the 
ore  deposit.  A  very  simple  pattern  of  progres- 
sive changes,  upward  and  outward  from  the 
central  portions  of  the  district  may  be  envi- 
sioned. Atypical  zonal  pattern  for  copper  veins 
in  the  Rocky  Mountains,  as  shown  in  figure  7, 
may  be  quite  different  than  for  the  zonation  of 
a  massive  sulfide  copper  deposit,  as  shown  in 
figure  8.  Many  variations  of  zoning  are  known 
for  different  kinds  of  ore,  and  are  described  in 
the  technical  literature.  Some  companies  have 
done  original  research  and  determined  their 
own  distribution  patterns  for  ore  types  of  inter- 
est, often  at  great  cost.  Such  privately  devel- 
oped concepts  are  closely  guarded  company 
secrets. 

Other  than  the  stone  bruises  left  by  the  col- 
lector's hammer,  rock  chip  sampling  leaves  no 
surface  disturbance  of  a  permanent  character. 


Rock  chip  samples  are  transported  from  the 
project  area  to  a  centralized  company  or  inde- 
pendent laboratory  for  preparation  and  analysis. 


Soils 

In  detailed  exploration  work,  residual  soils 
are  usually  present,  consisting  of  weathered 
material  derived  from  the  underlying  parent 
bedrock  (fig.  9).  In  many  cases,  analysis  of 
such  soils  reveals  a  pattern  of  enriched  metal 
values  over  the  suboutcrop  of  the  ore,  when  no 
visible  float  can  be  found  at  the  surface.  The 
method  is  far  from  infallible,  and  there  are 
many  variables  that  are  either  highly  unpre- 
dictable or  imperfectly  understood.  Typically, 
a  few  ounces  of  soil  are  collected  at  each  sam- 
ple site,  rarely  more  than  a  few  inches  in  depth. 
The  sample  hole  is  usually  filled  in  immediately 
and  the  site  marked  by  fixing  a  sample  tag  to  a 
nearby  shrub. 

A  sample-site  or  campsite  chemical  analysis 
is  sometimes  employed  in  soil  work,  using 
either  the  entire  sample  or  only  the  fine  mater- 
ial, sieved  for  analysis.  Soil  sampling  does  not 
leave  signs  of  visible  surface  disturbance  that 
remain  more  than  a  season  or  two. 
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Figure  8.— Metal  zoning  in  a  massive  sulphide  copper  ore  body. 
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Figure  9.--Geochemistry  of  residual  soil  over  ore. 
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Vegetation 

The  biogeochemical  method  is  used  in  de- 
tailed mineral  exploration  where  the  plant  ma- 
terial is  analyzed  to  determine  trace  metal  con- 
tent. The  plant  may  show  no  external  evidence 
of  abnormality.  To  be  useful,  the  vegetation 
must  be  fairly  evenly  distributed  over  the  area 
to  be  explored,  and  should  be  known  to  be  a 
reliable  indicator  on  the  basis  of  experience  on 
similar  projects  elsewhere  or  extensive  experi- 
mentation on  the  project  at  hand. 

The  biogeochemical  method  has  been  used 
successfully  where  the  needles  of  pinyon  have 
been  found  to  contain  unusual  amounts  of 
uranium  over  deposits  of  this  metal.  The  pin- 
yon, as  in  the  case  of  a  number  of  other  trees 
and  shrubs,  has  the  capacity  to  selectively  ab- 
sorb an  element  through  membranes  in  the 
root  system,  and  to  concentrate  the  element  in 
portions  of  the  plant  itself.  The  roots  effectively 
act  as  a  much  larger  sampling  system  than 
single  small  handful  of  soil  collected  at  the  sur- 
face at  one  point. 

The  principal  objections  to  the  biogeochem- 
ical method  are  the  difficulty  in  obtaining  good 
samples  and  the  complicated  sample  proces- 
sing and  analytical  techniques.  The  same  part 
of  each  plant  must  be  collected  if  the  results 
are  to  be  significant,  and  in  some  cases  the 
sample  must  be  collected  at  the  same  season 
of  the  year  to  yield  consistent  results. 

In  recent  years,  biogeochemists  have  begun 
to  use  the  mull  (granular  forest  humus)  found 
beneath  trees.  This  partially  decomposed 
material  is  easy  to  collect  and  analyze,  and 
contains  a  sufficient  amount  of  trace  metal  to 
be  useful. 

Using  sampling  techniques  similar  to  those 
used  in  botanical  studies,  biogeochemical 
sampling  leaves  no  permanent  marks  of 
damage. 

Geophysical 
Exploration  Methods 

Some  ore  deposits  contain  minerals  that 
possess  physical  characteristics  that  can  be 
measured  by  suitably  sensitive  instruments. 
Exploration  based  on  the  principles  of  physics 
is  called  geophysics.  Exploration  techniques 
utilize  such   physical   properties  as  density, 


magnetic  behavior,  electrical  conductivity,  and 
radioactivity.  Six  basic  geophysical  explora- 
tion methods—gravity,  seismic,  magnetic, 
electromagnetic,  electric,  and  radiometric— 
are  commonly  employed  in  the  search  for 
minerals. 

Gravity 

Gravity  methods  depend  upon  the  relative 
density  of  the  ore  deposit  and  surrounding  wall 
rock,  and  are  not  much  used  in  metalliferous 
exploration.  Measurements  can  only  be  made 
at  fixed  stations  on  the  ground,  and  compli- 
cated corrections  are  required  for  station  posi- 
tion and  topographic  conditions.  The  typical 
ore  deposit  is  not  dense  enough,  is  too  small 
and  irregular,  and  occurs  in  a  deformed  struc- 
tural environment,  making  clearly  defined 
gravity  anomalies  difficult  to  discern  and  in- 
terpret. 

The  method  has  been  very  successful  in  ex- 
ploring for  large  deposits  of  petroleum,  natural 
gas,  sulfur,  and  salt.  Limited  application  has 
been  reported  in  exploration  for  barite. 

Seismic 

Seismic  methods  have  little  use  in  metal- 
liferous exploration  because  of  the  relatively 
small  size  and  complicated  geology  of  the 
typical  ore  deposit,  and  because  of  the  high 
cost  of  seismic  work.  The  method  depends 
upon  the  velocities  of  acoustical  energy  in 
earth  materials,  and  has  been  enormously  suc- 
cessful in  searching  for  petroleum,  natural  gas, 
and  sulfur,  where  the  large  deposits  may  be  lo- 
cated by  simply  determining  attitude  of  the 
enclosing  strata. 

Magnetic 

Certain  minerals  distort  the  earth's  field,  and 
where  sufficiently  large  concentrations  of  such 
minerals  occur,  variations  can  be  measured  by 
magnetometers  mounted  in  aircraft,  in  ground 
vehicles,  or  positioned  at  stations  on  the 
ground.  Magnetite  iron  ores  have  been  found 
in  many  areas  of  the  world  using  the  airborne 
magnetometer. 

In  one  case  in  the  western  United  States,  a 
very  large  iron  deposit  has  recently  been  dis- 
covered beneath  several  hundred  feet  of  barren 
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volcanic  flow  rock  erupted  over  the  ore  de- 
posit. Magnetic  copper  skarn,  magnetic  nickel 
ore,  and  asbestos-bearing  serpentine  asso- 
ciated with  certain  magnetic  intrusive  rocks 
have  been  found,  using  the  magnetometer. 
Some  geophysicists  propose  the  use  of  the 
magnetometer  to  detect  gold  placer  deposits, 
because  of  their  common  association  with 
black  sands  largely  consisting  of  the  mineral 
magnetite. 

Electromagnetic 

Of  the  various  electrical  methods  of  pros- 
pecting, only  the  electromagnetic  (EM)  system 
can  be  used  in  aircraft.  Airborne  EM  systems 
have  been  applied  with  great  success,  particu- 
larly in  reconnaissance  exploration  for  mas- 
sive sulphide  ores  on  the  Canadian  Shield. 

Electromagnetic  methods  energize  the 
ground  inductively  by  means  of  an  alternat- 
ing current  flowing  in  a  transmitter  coil.  The 
resulting  signal,  containing  ground  response 
characteristics,  is  detected  inductively  by  a 
receiver  coil.  Both  coils  may  be  mounted  in  the 
aircraft,  or  both  placed  on  the  ground.  In  one 
recently  developed  variation  of  the  method, 
the  transmitting  coil  is  on  the  ground  and  the 
receiver  in  the  aircraft. 

The  method  is  relatively  slow  and  expensive, 
particularly  when  used  on  the  ground  in  de- 
tailed surveys.  It  has  not  been  widely  applied 


to  exploration  in  the  western  United  States, 
where  ore  deposits  generally  have  poor 
electromagnetic  response  characteristics  and 
may  be  deeply  and  erratically  weathered,  fur- 
ther destroying  the  ability  of  the  ore  to 
respond. 

Electrical 

Natural  electrochemical  reactions  near  the 
surface  of  the  earth,  where  metallic  sulphides 
may  be  subject  to  weathering,  can  be  used  in 
the  simple  self-potential  (SP)  method.  The 
measuring  instrument  detects  the  electrical 
current  developed  during  the  weathering  of  the 
sulphide,  as  shown  in  figure  10. 

A  shortcoming  of  the  SP  method  is  the  fre- 
quency and  variety  of  spurious  responses  ob- 
tained. A  more  popular  application  of  the 
electrical  method  is  where  controlled  electrical 
energy  is  applied  to  the  earth  and  the  resulting 
electrical  behavior  of  the  ground  is  observed 
at  closely  spaced  stations  at  regular  inter- 
vals overthe surface.  An  adaptation  much  used 
during  the  past  decade  is  induced  polarization 
(IP)  where  the  conductivity  of  mineralized 
ground  changes  with  variation  of  frequency 
of  the  applied  current,  while  the  conductivity 
of  barren  ground  remains  constant.  As  with 
the  SP  method,  IP  often  produces  misleading 
results  and  use  of  the  method  has  declined 
recently. 


(Measurement    of  electric  current  spontaneously  generated  by  a  sulphide  body) 


measuring    instrument 


Fipure  10.—The  self-potential  method. 
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Figure  1 1. —Plan  showing  gamma  radiation  over  a  uranium  ore  body. 


Radiometric 

Uranium,  thorium,  and  potassium  occur 
naturally  in  earth  materials,  and  being  radio- 
active, anomalous  concentration  may  be 
detected  by  radiometric  surveys  (fig  11).  Only 
gamma  radiation  is  useful  in  exploration, 
because  alpha  and  beta  emissions  are  masked 
by  a  thin  cover  of  soil,  water,  or  air.  Gamma  ray 
emissions  penetrate  only  a  few  inches  of  soil 
or  a  few  hundred  feet  of  air,  so  that  the  radio- 
active ore  deposit  must  virtually  outcrop 
at  the  surface  to  be  detected. 

Geiger  counters  and  scintillometers  are 
easily  portable  and  can  be  held  in  the  hand, 
mounted  in  surface  vehicles,  or  operated  from 
aircraft.  Airborne  radiometric  surveys  were 
successful  during  the  1950's  in  exploration  for 
uranium  in  Colorado,  Utah,  Arizona,  and  New 
Mexico. 

Remote  Sensing 

No  ore  deposit  has  yet  been  found  directly 
by  the  highly  publicized  "remote  sensing" 
techniques  of  exploration  from  spacecraft. 
Most  of  the  methods  used  are  adaptations  of 
techniques  well  known  and  evaluated  in  a 
variety  of  laboratory,  ground  station,  surface 
vehicle,  and  aircraft  installations.  A  tremen- 
dous amount  of  basic  scientific  data  is  being 
collected  which  cannot  fail  to  beof  major  value 


in  mineral  exploration  if  properly  coordinated 
with  basic  geologic  concepts  and  evaluated  by 
personnel  experienced  in  ore  search. 

Several  applications  of  activation  analysis 
techniques  show  considerable  promise  in 
mineral  exploration,  and  improved  versions  of 
instrumentation  are  becoming  available  for 
field  use.  An  intense  radioactive  source  is 
mounted  within  lead  or  paraffin  shielding. 
When  the  shielding  is  raised  so  that  the  surface 
area  to  be  sampled  is  subjected  to  radiation, 
some  elements  respond  be  giving  off  a 
radiation  that  is  measured  by  a  counter  within 
the  apparatus.  The  method  might  be  compared 
to  an  interrogation-reply  mechanism. 

A  typical  portable  instrument  can  be  used 
only  for  one  element,  and  the  equipment  is 
cumbersome,  expensive,  and  must  be 
operated  by  trained  personnel  under  Energy 
Research  and  Development  Agency  (formerly 
Atomic  Energy  Commission)  license.  In  spite 
of  these  shortcomings,  limited  use  thus  far  has 
been  spectacular  in  such  applications  as  the 
search  for  beryllium  ores.  Several  major 
deposits  of  beryllium  have  been  found  in  old 
mining  districts  generally  considered  to  have 
been  thoroughly  explored. 

Most  ore  deposits  in  the  western  United 
States  do  not  respond  well  to  any  kind  of  geo- 
physics or  are  too  small  and  irregular  to 
produce  an  anomaly  sufficiently  distinctive  to 
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interpret  and  explore.  On  the  Canadian  Shield, 
the  typical  ores  possess  good  geophysical  re- 
sponse characteristics.  Outcrops  were  scoured 
clean  of  weathering  effects  by  Ice  Age  glacia- 
tion,  so  that  weathering  does  not  interfere. 
The  thin  layer  of  glacial  drift  over  much  of  the 
region  made  traditional  prospecting  methods 
ineffective,  and  many  ore  deposits  have  been 
discovered  in  recent  years  by  geophysics. 
Canadian  explorationists  are  therefore  much 
more  likely  to  be  enthusiastic  about  geo- 
physical exploration  than  their  colleagues  in 
western  North  America,  who  are  more  ac- 
customed to  the  complicated,  unresponsive, 
weathered  ores  of  the  deserts  and  mountains. 

The  geophysical  method  that  might  be 
useful  in  one  area  may  prove  wholly  inappro- 
priate in  another.  Forexample,  airborne  scintil- 
lation counters  were  used  very  effectively  in 
radiometric  reconnaissance  for  bedded  ura- 
nium ores  of  the  Colorado  Plateau  in  Colorado, 
Utah,  Arizona,  and  New  Mexico.  The  same 
technique,  when  applied  to  exploration  for 
uranium  in  Canada,  was  a  total  failure.  It  was 
found  that  the  Colorado  deposits  were  relative- 
ly high  grade,  and  enclosed  in  a  sequence  of 
virtually  nonradioactive  sediments.  The  Cana- 
dian exploration  was  conducted  in  a  terrain 
of  granite  and  metamorphic  wall  rocks  that 
themselves  were  radioactive,  resulting  in  such 
a  hash  of  background  signal  and  false  anoma- 
lies that  the  airborne  surveys  failed  to  delineate 
useful  target  areas  within  the  static. 

In  general,  the  most  discouraging  aspect  of 
geophysical  exploration  is  the  spurious  result 
frequently  obtained.  For  example,  the  ore 
deposits  that  furnish  the  best  electro- 
magnetic responses  are  massive  sulphides, 
which  are  found  in  rocks  containing  variable 
amounts  of  pyrite  and  graphite.  The  pyrite  and 
graphite,  which  are  worthless  and  commonly 
show  no  meaningful  distribution  pattern  in 
relation  to  the  ores,  yield  a  geophysical  re- 
sponse that  cannot  be  distinguished  from  that 
of  the  ore  itself. 

Many  exploration  holes  are  drilled  into  elec- 
tromagnetic anomalies,  only  to  encounter  bar- 
ren pyrite  or  graphite.  Conversely,  negative 
geophysical  results  by  no  means  rule  out  the 
presence  of  an  important  ore  deposit.  For 
example,  the  most  careful  magnetic  survey 
over  an  "invisible"  gold  deposit  of  the  kind 
being  found  in  northern  Nevada  could  not  be 


expected  to  delineate  ore,  because  these 
deposits  contain  no  minerals  capable  of  meas- 
urably distorting  magnetic  patterns. 

It  is  obvious  that  the  application  of  geo- 
physics involves  more  than  the  simple  ability 
to  make  the  equipment  work.  To  be  success- 
ful, the  geophysicist  must  be  thoroughly 
grounded  in  fundamental  ore  deposit  theory, 
or  must  work  closely  with  an  exploration 
geologist  in  planning  and  interpreting  the 
work. 


Restudy  of  Old  Mining 
Districts 

Only  in  very  unusual  cases  is  it  possible  to 
reopen  a  mine  and  simply  put  it  back  into 
profitable  operation  without  doing  additional 
exploration  or  development.  Previous  mining 
may  have  been  done  in  ignorance  of  a  mineral 
that  has  more  recently  become  of  economic 
interest,  but  in  general,  nothing  of  value  was 
knowingly  left  by  the  oldtimers,  or  missed  by 
scavengers  during  the  first  years  after  the 
mine  closed. 

Today,  the  exploration  geologist  reenters 
old  mines  and  mining  districts  with  an  entirely 
different  point  of  view  and  approach.  He 
researches  old  records  and  undertakes  geo- 
logic work  because  the  character  of  mineral- 
ization may  suggest  the  presence  of  an  entirely 
new  ore  type  or  because  careful  analysis  of  the 
geology  of  an  old  district  might  reveal  new 
possibilities  at  greater  depths,  along  a  faulted 
trend,  to  one  side  of  the  old  workings,  or  in 
some  other  unexplored  situation  nearby. 

In  the  study  of  old  districts,  great  emphasis 
is  placed  on  geology  and  mineralogy,  because 
of  the  wealth  of  opportunities  for  inspection 
and  sampling  provided  by  the  underground 
mine  openings.  Much  can  be  learned  from  the 
study  of  structural  control  of  the  previously 
mined  ores.  Sometimes,  relatively  large 
amounts  of  money  are  spent  to  reopen  old 
workings  with  the  immediate  objective  only  to 
do  geologic  mapping  and  sample  the  mine. 

Perhaps  the  most  discouraging  aspect  of 
restudy  of  formerly  productive  areas  is  the 
effort  and  cost  of  land  acquisition.  Complica- 
ted mineral  rights  such  as  numerous  small 
patented  claims,  fractions,  lots,  former  town- 
sites,  millsites,  tunnel  rights,  and  right-of-way 
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of  various  kinds  make  this  work  very  expensive 
and  time  consuming.  The  problem  worsens 
with  each  new  generation  of  heirs. 

Although  the  typical  difficult  property  sit- 
uation is  offset  to  some  extent  by  the  en- 
thusiasm of  working  in  an  area  where  signs  of 
mineralization  abound,  the  project  geologist 
must  gather  together  enough  hard  geologic 
evidence  to  convince  management  to  proceed 
with  property  acquisition  before  exploration 
can  begin.  If  the  mineral  rights  to  a  sufficiently 
large  block  of  ground  in  the  typical  old  mining 
district  can  be  put  together  on  reasonable 
terms,  even  for  a  relatively  short  period  of 
time,  management  usually  receives  such  pro- 
jects with  far  more  enthusiasm  than  pro- 
posals for  exploration  in  virgin  territory. 

Trenches,  Pits, 
Overburden  Drilling 

Preliminary  exploration  work  may  be  under- 
taken by  the  conventional  prospector,  for 
example,  in  trenching  to  establish  the  trend, 
width,  and  mineral  character  of  an  oreshowing 
protruding  from  soil.  Many  types  of  ore 
weather  readily  at  the  surface,  and  these 
surface  effects  must  be  removed  if  the  true 
character  of  the  mineralization  is  to  be 
determined.  Preliminary  trenching  and  pitting 
may  be  done  with  the  idea  of  making  the 
prospect  interesting  to  the  examining  geologist 
and  to  facilitate  his  work.  Sometimes,  thesmall 
miner  or  conventional  prospector  refers  to 
this  as  development,  but  this  term  is  more 
properly  used  in  connection  with  the  prepara- 
tion of  a  mine  for  production  after  the  presence 
and  general  character  of  the  ore  deposit  is 
proven. 

A  large  amount  of  the  the  surface  disturb- 
ance on  public  land  is  caused  when  the  ama- 
teur prospector  thinks  he  has  located  valuable 
ground,  and  begins  bulldozing  while  staking 
claims.  He  enthusiastically  scrapes  into  soil- 
covered  areas  of  any  kind  with  the  idea  that 
there  oughtto  be  a  big  mineral  deposit  inthere 
somewhere.  The  extreme  futility  is  where  such 
poorly  planned  trenching  is  attempted  in  an 
area  of  50  feet  of  soil  cover.  He  may  often 
decide  to  bulldoze  crude  trails  on  the  ridge 
lines  while  the  bulldozer  is  on  the  property, 
because  in  his  mind  this  will  improve  access 


and  something  might  be  blundered  onto  in  the 
process. 

Prospectors,  and  company  geologists  as 
well,  have  been  heard  to  remark  that  they  pre- 
fer to  cut  up  the  land  visibly  during  the  act  of 
claim  location,  so  that  everyone  will  know  the 
ground  has  been  staked.  Mining  lawyers  gave 
this  advice  for  years,  prior  to  the  present  con- 
cern for  the  environment,  and  some  still  do. 

This  kind  of  thinking  has  sharply  diminished  in 
recent  years,  especially  where  modern  State 
mining  legislation  has  made  it  possible  to 
locate  mining  claims  without  doing  physical 
work  on  the  ground.  These  new  attitudes  have 
already  greatly  reduced  the  amount  of  surface 
disturbance  over  the  past  5  to  10  years.  In  a 
typical  western  State,  tens  of  thousands  of 
mining  claims  have  been  staked  annually.  This 
would  have  amounted  to  hundreds  of  acres 
of  surface  disturbance  under  the  old  location 
requirements. 

In  serious  exploration  by  trenching,  bull- 
dozers of  various  sizes  are  used.  Such  equip- 
ment is  easily  available  and  usually  is  present 
on  the  project  for  other  work  such  as  construc- 
tion of  access  roads  or  preparation  of  drill  sites. 
Mechanical  or  hydraulic  rippers  are  used  in 
tough  ground;  drilling  and  blasting  are  rarely 
resorted  to  because  adequate  samples  can 
usually  be  collected  at  the  point  where  the  rock 
becomes  too  hard  to  be  moved  by  blade  or 
ripper. 

If  additional  depth  is  required  in  hard  rock, 
a  shallow  shaft  is  usually  sunk  at  lower  cost 
and  with  far  less  damage  to  the  surface.  Where 
topography  permits,  the  trenches  are  laid  out 
at  an  angle  to  the  contour  so  the  bulldozer 
can  more  easily  dispose  of  the  spoil  to  one 
side.  The  face,  or  uphill  side  of  the  trench,  is 
used  for  geologic  observation  and  sampling 
because  it  is  clean  of  broken  material,  and  sur- 
vey stakes  and  sample  tags  are  not  knocked 
down  easily  by  livestock  and  vehicles.  It  is 
normal  practice  to  orient  the  trench  at  a  high 
angle,  as  close  to  90°  as  possible  to  the  trend 
of  elongated  bodies  such  as  veins  or  mineral- 
ized beds. 

Carefully  planned  trenching  can  contribute 
valuable  exploration  information,  but  much 
trenching  is  a  complete  waste  of  time  and 
effort,  for  example,  in  the  fairly  common  sit- 
uation where  the  bulldozer  operator  himself 
plans  the  work  for  lack  of  good  supervision. 
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Backhoe  trenching  is  becoming  more  popu- 
lar in  serious  exploration  work.  Good  trench 
wall  faces  are  cleanly  and  quickly  exposed  in  a 
variety  of  topographic  and  soil  conditions, 
even  on  relatively  flat  terrain  where  the  bull- 
dozer would  not  perform  well.  It  is  possible  to 
cut  backhose  trenches  straight  down  a  hillside; 
in  fact,  this  is  the  preferred  orientation  of  the 
equipment  for  efficient  excavation  and  dis- 
posal of  spoil. 

Surface  disturbance  is  less  than  with  a  bull- 
dozer, restoration  of  the  surface  is  quite 
simple,  and  it  is  possible  to  selectively  place 
the  topsoil  to  one  side  and  pile  the  deeper 
material  to  the  other  side  so  that  thetrench  can 
be  refilled,  reversing  the  excavation  process 
after  geologic  inspection  and  sampling  of  the 
trenches.  It  is  impossible  to  exactly  restore 
the  surface  to  original  contour,  because  the 
excavated  material  expands  as  much  as  20 
percent  or  more,  resulting  in  overfilling  of  the 
trench  by  this  amount.  Aside  from  reducing  the 
surface  damage,  it  is  considered  good  practice 
to  backfill  trenches  to  maintain  good  relations 
with  other  surface  users  such  as  holders  of 
grazing  permits. 

Trenches  were  often  excavated  by  hand  in 
exploration  work  prior  to  World  War  II.  Rising 
labor  costs  and  the  general  availability  of 
mechanized  equipment  make  work  of  this  kind 
too  expensive  to  be  cost  effective  today.  Only 
in  extremely  remote  areas,  service  by  aircraft 
or  pack  string,  is  hand  trenching  considered 
feasible.  Standard  hand  tools  such  as  long- 
handled  shovels,  railroad  picks,  pry  bars,  and 
brooms  are  used. 

Shallow  pits  or  exploration  shafts  are 
excavated  where  irregular  deposits  are 
expected  to  extend  beneath  soil  cover,  or 
where  the  alluvium  itself  is  suspected  to 
contain  valuable  material  such  as  placer  gold. 
Soft,  unconsolidate  material  can  be  dug  with 
small  backhoes  to  depths  o.'  10  to  15  feet,  and 
circular  shafts  several  feet  in  diameter  can  be 
excavated  with  septic  tank  diggers  to  depths  of 
about  100  feet.  Only  the  uppermost  weathered 
bedrock  can  be  removed  by  these  machines, 
and  if  penetration  into  the  rock  itself  is 
required,  standard  methods  of  shafting  by 
drilling  and  blasting  must  be  employed. 

When  shafting  is  undertaken,  it  is  necessary 
to  securely  timber  the  upper  portions  of  the 
opening,  so  that  men  and  equipment  can  work 


on  the  bottom  without  risk  of  material  falling. 
Pneumatic  drills  are  usually  used,  and  blasting 
is  done  with  stick  dynamite  and  standard  fuse 
and  blasting  caps.  The  broken  material  is 
removed  using  buckets  hoisted  by  hand 
windlass,  small  winch,  or  power  takeoff  units 
on  tractors  or  trucks. 

Overburden  drilling  is  a  specialized  shallow 
exploration  method  used  to  obtain  small 
bedrock  samples.  The  samples  are  used  for 
geochemical  analysis,  in  geophysical  inter- 
pretations of  various  kinds,  or  for  some  in- 
direct use,  rather  than  as  a  prime  exploration 
method  where  ore  itself  is  the  object  of  the 
drilling. 

Exploration  Drilling 

Exploration  drilling  is  primarily  aimed  at 
determining  whether  or  not  the  ore  target  is 
present,  and  if  so,  to  obtain  a  preliminary  idea 
as  to  its  size  and  grade.  Secondary  objectives 
may  involve  testing  general  geologic  condi- 
tions, such  as  exact  type  of  formation  present, 
wall  rock  alteration,  or  geochemical  zoning.  In 
the  early  stages  of  the  work,  emphasis  is 
placed  on  speed  and  cost,  and  if  preliminary 
work  is  successful,  a  more  accurate  and  more 
expensive  drilling  method  may  be  used. 

There  are  many  drilling  methods,  but  three- 
percussion,  rotary,  and  diamond  drill—are  by 
far  the  most  common  in  exploration  work.  The 
equipment  may  range  in  size  and  complexity 
from  simple,  hand-operated  augers  to  small- 
scale  versions  of  the  rigs  used  in  oil  field 
explorations. 

The  pattern  and  spacing  of  exploration  drill 
holes  are  dependent  largely  upon  the  size, 
geometric  orientation,  and  internal  distri- 
bution of  mineral  values  of  the  particular  kind 
of  ore  target  involved.  A  clear  conceptual 
model  of  the  particular  ore  deposit  of  interest 
is  of  great  help  in  laying  out  an  efficient  and 
economic  drill  hole  pattern. 

Most  deposits  large  enough  and  homo- 
genous enough  to  be  mined  by  bulk  methods 
are  drilled  with  vertical  holes  arranged  in 
square,  rectangular,  triangular,  or  fence  (row 
of  holes)  patterns,  as  seen  in  plan  view.  Angle- 
hole  drilling  is  necessary  where  steeply 
inclined  vein  deposits  are  being  explored, 
and  in  general  is  more  expensive  than  vertical 
drilling. 
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Hand  Drilling 

Small,  hand-operated  drills  such  as  the 
augers  and  sample  tubes  employed  in  soil  test 
work  have  limited  application  in  mineral  ex- 
ploration. Although  heavy-duty  versionsof  this 
equipment  have  been  manufactured  and 
equipped  with  lightweight,  aluminum  drill  rod 
extensions  and  tripod  hoistworks,  these  drills 
are  useful  only  under  near-ideal  conditions, 
and  cannot  penetrate  bedrock.  The  most 
common  limitation  is  where  hard  boulders  are 
encountered  in  the  soft  soil  matrix,  or  where 
excessive  moisture  is  found.  The  principal  use 
of  hand  drills  is  in  testing  abandoned  mill 
tailings,  which  are  finely  ground  and  even 
grained,  and  are  compacted  well  enough  that 
the  hole  will  stay  open  without  caving  while 
samples  are  taken  from  progressively  deeper 
depths. 

Many  different  kinds  of  powered  augers  are 
used  in  exploration,  ranging  in  complexity 
from  small,  hand-held,  post-hole  diggers 
powered  by  gasoline  to  the  large  augers  used 
to  set  power  poles.  The  most  serious 
limitations  are  again  boulders  in  the  soil, 
excessive  moisture,  and  inability  to  penetrate 
far  into  the  bedrock. 

Percussion  Drilling 

Several  of  the  compressed  air  drills  used  in 
drilling  and  blasting  have  been  applied  to 
exploration.  The  hand-held  miner's  drill, 
similar  in  size  and  appearance  to  a  jackhammer, 
is  sometimes  used  in  collecting  small  samples 
in  solid  bedrock  to  a  depth  of  about  10  feet. 
Larger  machines,  such  as  the  wagon  drill  used 
in  highway  and  dam  construction,  are 
mounted  on  wheels  and  can  be  towed  to 
difficult  drillsites  along  with  an  air  compressor 
mounted  on  a  trailer. 

Wagon  drills,  as  well  as  a  variety  of  small 
track-mounted,  self-propelled  percussion 
drills,  can  drill  holes  at  any  angle,  often  to 
depths  of  over  100  feet.  The  compressed  air 
that  powers  the  drill  is  also  used  to  cool  the  bit 
and  carry  cuttings  away  from  the  face  and  out 
of  the  hole,  where  they  are  collected  by  simple 
sack  holders,  buckets,  cyclones,  or  other 
devices,  depending  upon  the  accuracy 
required  of  the  sample.  Percussion  drill 
samples  are  usually  placed  in  containers  and 
taken    from    the    drillsite    for    logging    and 


processing  for  analysis.  Large  percussion  rigs, 
such  as  those  used  in  open  pit  copper  mines 
for  blast  hole  drilling,  are  too  heavy  and 
cumbersome  to  be  used  in  exploration  work. 
Churn  drills,  the  cable  tool  rig  formerly  widely 
used  for  water  well  drilling,  are  no  longer  much 
used  in  mineral  exploration,  except  for  small 
specialized  adaptations  used  in  placer 
evaluations. 

Rotary  Drilling 

Rotary  drills  are  relatively  fast  and 
inexpensive  to  operate  in  a  wide  variety  of 
exploration  conditions.  Most  of  the  rigs  are 
truck-mounted  and  completely  self-contained, 
including  the  air  compressor.  At  higher 
elevations,  auxiliary  compressors  must  be 
provided,  because  of  the  reduced  compressor 
efficiency.  Standard  tri-cone  bits  drill  a  hole  4 
inches  in  diameter  or  larger,  and  drill  cuttings 
are  blown  out  of  the  hole  with  compressed  air. 
A  gasoline  or  diesel  engine  drives  the  unit. 

Some  of  the  equipment  can  be  quickly 
converted  for  core  sampling,  although  coring  is 
less  satisfactory  and  generally  slower  than  with 
equipment  specifically  designed  for  the 
purpose.  Most  rotary  drills  are  mounted  on 
trucks  that  require  relatively  good  roads. 
Angle-hole  drilling  is  not  possible  with  most  of 
the  rotary  equipment  available,  and  is  a  major 
limitation  of  the  method. 

Because  rotary  drilling  is  relatively  rapid, 
samples  were  formerly  piled  on  the  ground  in 
rows,  each  pile  representing  from  2to  10feetof 
advance,  each  row  from  20  to  100  feet  of  hole. 
In  recent  years,  practice  has  been  to  place  the 
samples  in  containers  and  remove  them  from 
the  exploration  site,  partly  to  leave  a  clean 
drillsite,  but  also  to  frustrate  competitors' 
inspection  of  the  drilling  results  and  to  permit 
geologic  logging  in  more  efficient  conditions 
at  the  field  office. 

With  equipment  in  good  condition  and  a 
skilled  operator,  progress  of  the  typical  rotary 
rig  will  vary  from  several  tens  to  several 
hundreds  of  feet  ormoreper8-hourshift,  and  a 
considerable  amount  of  sample  is  generated, 
even  using  the  smaller  bits.  Rotary  drilling  is 
particularly  preferred  in  exploration  where  the 
sampling  or  logging  is  done  "in-hole,"  as  for 
example  where  uranium  is  measured  by 
scintillation  probes  run  in  and  out  of  the  hole. 
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Some  geologists  object  to  rotary  drilling 
because  the  samples  are  broken  into  small 
chips  and  fragments  where  the  structure  of  the 
bedrock  cannot  be  seen.  Others  feel  that  the 
relatively  low  cost  and  good  progress  of  the 
method  more  than  offset  the  disadvantage  of 
the  sample  obtained,  and  actually  see  some 
advantage  to  the  broken  material  for 
inspection  and  assaying. 

Diamond  Drilling 

Diamond  drilling  (fig.  12)  is  generally 
considered  the  most  versatile  drilling  method, 
providing  a  superior  core  sample  for 
observation  and  preliminary  testing.  The 
equipment  can  drill  at  any  angle,  including 
upward  from  underground  stations.  Gasoline 
and  diesel  engines  are  most  commonly  used, 
although  air  and  electric  motors  are  available. 
Core  recovery  is  not  always  good,  particularly 
in  mineralized  rock,  and  the  method  can  be 
painfully  slow  and  expensive.  Diamond  drillers 
are  usually  more  experienced  and  may  be 
more  highly  paid  than  other  drillers,  for  the 
work  is  more  exacting. 


Water  is  usually  the  drilling  medium; 
compressed  air,  crankcase  oil,  or  kerosene  are 
used  in  special  situations.  The  core  sample  is 
cut  by  a  circular  bit  embebbed  or  set  with 
industrial  diamonds.  The  core  passes  inside 
the  circular  bit  face  and  is  collected  in  a  core 
barrel  which  retains  the  sample  for  removal 
from  the  hole.  The  material  ground  up  by  the 
diamond  bit  is  called  sludge,  and  is  carried  up 
around  the  drill  rod  to  the  surface.  The  core  is 
placed  in  compartmented  boxes  and  taken  to 
the  field  office. 

In  some  cases,  the  sludge  is  carefully 
collected  and  saved  as  an  important  part  of  the 
drill  sample.  Sludge  is  collected  in  specially 
designed  settling  tanks  and  placed  in  metal 
cans  for  plastic  containers  for  transport  to  the 
field  office  for  drying  and  processing.  The 
clear  water  is  returned  for  drill  use.  Where  the 
sludge  is  not  saved,  it  is  allowed  to  settle  out  in 
the  bottom  of  a  rude  pit  called  a  mud  sump, 
which  often  overflows  on  hillside  operations 
leaving  an  unsightly  smear  of  light-colored 
drill  cuttings  down  the  slope.  If  drilling  mud  is 
not  carefully  controlled  while  the  work  is  in 
progress,    and    if   the    mud   sumps   are    not 
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Figure  1 2.-- U  iamond  drilling,  collection  of  sludge  samples. 
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covered  after  the  work  is  finished,  a 
particularly  unsightly  and  enduring  blemish  on 
the  surface  can  be  created. 

A  variety  of  additives  are  placed  in  diamond 
drill  holes,  mostly  to  eliminate  lost  circulation, 
when  the  drill  fluid  is  lost  in  fractures  or 
caverns  and  no  sludge  sample  returns  to  the 
surface.  Various  organic  and  inorganic 
materials  such  as  beet  pulp,  horse  manure,  and 
bentonite  have  been  used,  along  with  a  number 
of  specially  prepared  muds  developed  for  use 
in  oil  field  drilling.  Sometimes  diamond  drill 
holes  are  cemented  with  quickset  concrete 
under  pressure,  which  is  drilled  back  out  as 
soon  as  it  hardens,  leaving  the  hole  clean  and 
free  of  fractures  and  caves.  Sometimes  it  is 
necessary  to  cement  after  almost  every 
advance  of  the  bit  in  order  to  pass  through 
troublesome  ground. 

Steel  casing  may  also  be  set  in  the  hole  to 
eliminate  caving  and  lost  circulation,  and  to 
insure  that  a  reliable  core  and  sludge  sample  is 
obtained.  By  progressively  reducing  the  bit 
size,  and  nesting  the  casing,  each  smaller  size 
inside  the  other,  it  is  possible  to  carry  casing 
fairly  closely  behind  the  drill  bit.  Diamond 
cores  commonly  range  in  size  from  under  1  to3 
inches  in  diameter.  It  is  possible  to  ream  the 
smaller  size  holes  out  to  accept  larger  casing, 
and  various  combinations  of  drilling  mud 
cementing,  casing,  and  reaming  are  used  to 
carry  a  hole  to  completion  with  the  desired 
core  size  at  the  bottom  of  the  hole. 

In  drilling  vertical  holes  in  porphyry  copper 
prospects,  it  is  common  to  cement  into  the 
bedrock  a  short  piece  of  casing  called  a 
standpipe,  just  large  enough  to  receive  the 
largest  "N"  casing.  The  casing  will  in  turn 
accept  the  NX  diamond  bit  and  core  barrel, 
which  cuts  a  hole  3  inches  in  diameter  and  a 
core  2-1/8  inches  in  diameter.  NX  bits  are  used 
to  penetrate  the  leached  cap  rock  over  the  ore 
deposit.  As  soon  as  the  upper,  enriched 
portion  of  the  sulphide  zone  is  penetrated,  "B" 
casing  is  set  in  the  hole  and  the  bit  size 
reduced  to  BX,  which  cuts  a  hole  2-3/8  inches 
in  diameter  and  a  core  1-5/8  inches  in 
diameter.  After  passing  through  the  upper 
sulphide  zone  into  unenriched  ore,  "A"  casing 
is  set  and  the  bit  reduced  to  AX,  which  cuts  a 
hole  1-7/8  inches  in  diameter  and  a  core  1-1/8 
inches  in  diameter. 


If  deep  penetration  is  desired,  far  below  any 
level  for  which  mining  may  presently  be 
planned,  it  is  considered  permissible  to  make 
one  further  reduction  by  setting  "E"  casing  and 
proceeding  to  the  termination  depth  with  EX 
bit,  thesmallest  used  in  most  American  mineral 
exploration.  EX  bits  cut  a  hole  1-1/2  inches  in 
diameter  and  a  core  7/8  inch  in  diameter.  Such 
a  sample  is  usually  considered  too  small  to  be 
reliable  in  serious  evaluation  of  large  bulk 
mining  situations.  Upon  completion  of  the 
hole,  the  steel  casing  is  removed  to  be  used 
again,  for  it  is  very  expensive. 


Underground  Exploration 

Only  in  rare  instances  is  underground 
exploration  the  prime  method  of  proving  a 
prospect.  A  small,  well-defined  exploration 
target  such  as  a  faulted  segment  of  a  vein  might 
be  most  efficiently  explored  by  extending  old 
underground  mine  openings  or  from  new  work 
from  the  surface,  but  in  general,  a  certain 
amount  of  drilling  is  done  first  to  at  least 
roughly  outline  the  ore  target. 

Underground  work  is  usually  erroneously 
referred  to  as  tunneling.  Tunnels  are  seldom 
excavated  in  mining,  being  a  basically 
horizontal  opening  from  one  side  of  a 
mountain  to  the  other,  as  in  railroad  and 
highway  construction.  The  American  metal 
miner  refers  to  horizontal  work  into  a  hillside  as 
an  adit  (fig.  13).  If  the  adit  isdriven  along  an  ore 
structure  such  as  a  vein,  this  is  called  drifting 
and  the  opening  is  referred  to  as  a  drift.  If  the  adit 
cuts  across  the  wall  rock  at  an  angle  to  the 
structure,  it  is  called  a  crosscut  and  the  work  is 
referred  to  as  crosscutting.  The  mouth  of  the 
adit  opening  is  called  the  portal.  Work  upward 
from  the  adit  level  is  called  raising,  and  the 
working  is  referred  to  as  a  raise.  If  the 
excavation  is  downward,  it  is  called  a  winze. 
Raises  and  winzes  are  usually  in  ore,  although 
the  same  terms  are  used  whether  the  work  is  in 
waste  or  in  barren  wall  rock. 

A  shaft  is  a  vertical  or  steeply  inclined 
opening  excavated  from  the  surface.  The  term 
"inclined  shaft"  refers  to  openings  inclined 
from  vertical  to  45°  or  less.  When  the 
inclination  is  gentle  enough  to  accommodate  a 
man  on  foot,  rubber-tired  equipment,  or 
conveyor  belts,   it  may  be  referred  to  as  a 
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sump 


Figure  13. -Underground  mining  terms. 


decline.  Shafts,  inclined  shafts,  or  declines 
may  or  may  not  be  in  ore. 

If  work  is  undertaken  underground  from  the 
shaft,  a  station  is  cut  as  a  landing  for  men  and 
equipment,  and  horizontal  work  from  the 
station  is  by  drifting  or  crosscutting,  and  is 
referred  to  as  a  level  in  the  mine.  Work  on  any 
mine  level  is  generally  inclined  gently  upward 
away  from  the  shaft  station,  so  that  any  water 
encountered  will  be  drained  toward  the  shaft 
where  it  can  be  pumped  to  the  surface  or 
diverted  to  an  inactive  portion  of  the  mine. 

The  methods  and  terminology  used  in 
exploration  work  are  the  same  as  in  standard 
mine  development,  but  the  openings  are  often 
driven  in  smaller  cross  sections  to  economize. 
They  can  later  be  enlarged  if  they  are  to  be 
used  for  ventilating  or  draining  a  productive 
area,  or  in  the  movement  of  personnel, 
equipment,  or  ore.  Excavation  is  usually  by 
drilling  and  blasting,  although  soft  or  highly 
fractured  ground  may  slowly  yield  to  advance 
by  "pick  and  poke"  methods,  using  nothing  but 
a  steel  hand  bar. 

Drilling  is  done  with  pneumatic  drills,  and 
compressed  air  furnishes  the  power  for  the 
drill,  provides  air  to  the  men  at  the  working 
face,  and  moves  powder  smoke  from  the 
heading  after  the  blast.  Holes  are  usually 
blasted  with  stick  dynamite  and  standard  caps 
and  fuses.  Electric  blasting  is  sometimes  used 
as  it  is  safer  and  is  more  efficient  than  spitting 
each  fuse  separately.  The  material  broken  at 
each  blast  from  the  face  is  called  a  round  and 
the  material  itself  referred  to  as  muck.  A  muck 
plate  or  slick  sheet  of  flat  steel  is  sometimes 


laid  on  the  floor  before  blasting  to  facilitate 
shoveling  or  mechanical  loading  of  the  muck 
into  wheelbarrows  or  mine  cars  and  removal  to 
the  surface  by  tramming. 

If  some  of  the  broken  material  removed  from 
the  mine  is  known  or  suspected  to  be  valuable, 
it  is  placed  on  a  separate  dump.  It  is  quite 
common  to  find  small  dumps  at  exploration 
adit  portals  separated  into  two,  three,  or  even 
more  separate  portions.  Careful  sampling  may 
reveal  little  of  value  in  the  separated  material. 

Small,  rubber-tired  machines  are  now 
available  to  load  and  tram  from  working  face  to 
portal,  eliminating  the  need  for  rails  in  modest 
exploration  programs  underground. 

In  formeryears,  itwas  possible  to  find  miners 
skilled  in  the  art  of  hand  drilling  or  single 
jacking,  the  striking  of  hand  steel  with  a  short- 
handled  heavy  hammer  called  a  single  jack. 
Such  work  could  be  done  without  air 
compressor,  air  lines,  or  heavy  drills. 

Small,  portable  gasoline-powered  drills  have 
limited  application  in  exploration  work,  and 
there  is  constant  danger  of  carbon  monoxide 
even  in  the  shallowest  of  excavations. 

Today  there  is  a  prejudice  against 
underground  work  as  a  prime  exploration 
method,  and  usually  underground  openings 
are  not  thought  of  as  exploration  work. 
Exploration  is  usually  equated  with  drilling 
from  the  surface,  and  any  mention  of 
underground  openings  suggests  that  the  work 
has  somehow  progressed  to  the  development 
stage,  and  that  the  presence  of  ore  is  no  longer 
in  question. 
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Bulk  Sampling 

In  most  exploration  work  there  is  a  need  for 
large,  representative  samples  of  the  ore 
deposit.  A  final  cross-check  of  the  grade  of  the 
deposit  must  be  made,  as  well  as  testing  to 
determine  the  best  choice  of  metallurgical 
method.  Bulk  sampling  may  also  yield  other 
valuable  data  of  use  in  planning  mine  and 
haulage  facilities,  the  treatment  method,  or 
disposal  of  waste. 

The  mining  characteristics  concern  such 
factors  as  the  way  the  rock  in  an  open  pit  mine 
may  be  expected  to  break  during  blasting  and 
to  support  itself  on  a  bench  face,  and  the 
manner  in  which  the  rock  will  cave  in  an 
underground  block  caving  operation  or 
support  itself  in  an  underground  mine. 
Metallurgical  treatment  methods  can  be  most 
effectively  researched  by  pilot  testing 
techniques,  and  disposal  of  waste  can  be 
carefully  researched  using  the  waste  from 
these  original  testing  programs. 

Because  of  the  large  amount  of  material 
required,  bulk  samples  are  usually  collected 
underground.  The  undesired  surface  chemical 
and  physical  effects  of  weathering  can  be 
avoided,  and  there  is  less  problem  in 
controlling  fly-rock  when  large  samples  are 
broken  by  blasting  in  confined  underground 
openings. 

In  most  cases,  bulk  sampling  produces  a 
larger  volume  of  material  than  can  be  readily 
handled.  A  temporary  sample  plant  is 
constructed  at  the  site  to  reduce  the  size  of  the 
sample,  yet  retain  its  representative  character, 
particularly  as  utilized  for  a  final  check  of  grade 
and  in  pilot  scale  mill  testing.  It  is  sometimes 
desirable  to  prepare  a  representative  sample 
for  prospective  purchasers  of  the  mine 
product. 

In  a  typical  situation,  the  mine-run  material, 
biasted  and  mucked  from  individual  rounds  of 
underground  advance  in  designated  test  areas, 
is  moved  to  a  primary  surface  storage  bunker 
with  a  10-  to  50-ton  capacity.  Each  round  is 
stored  separately  and  assigned  a  lot  number. 
As  each  lot  is  removed  by  front  end  loader  and 
transferred  to  the  crusher,  the  bunker  is 
carefully  cleaned  to  prevent  loss  or  buildup  of 
fine  particles  of  the  economic  minerals.  The 


total  storage  area  accommodates  2  or  more 
days  of  mine-run  material. 

A  portable  crushing  plant  with  a  primary  jaw 
crusher,  secondary  crusher,  and  a  vibrating 
screen  system  produces  a  1/2-inch  mill  feed 
product.  Conveyors  and  transfer  points  are 
covered  to  reduce  dust  loss.  The  1/2-inch 
product  is  sampled  with  a  sample  cutter 
producing  400  to  500  pounds  per  hour  of 
sample  for  testing.  The  material  is  fed  to  a 
tertiary  crusher  producing  a  10-mesh  product, 
from  which  a  5-percent  "split"  is  taken.  This 
splitting  procedure  produces  20  to  30  pounds 
per  hour,  which  is  bagged  and  sent  for  assay. 
The  remainder  of  the  crushed  bulk  sample  is 
fed  into  a  pilot  plant. 

Samples  obtained  from  most  exploration 
drilling  are  not  completely  satisfactory  in 
preparing  representative  bulk  samples.  The 
small  samples  are  too  finely  ground  by  the  drill, 
and  in  other  ways  rendered  unreliable  as  a 
sample  for  investigation  of  breaking,  handling, 
and  processing  characteristics. 

Typically,  large-scale  bulk  sampling  is 
undertaken  in  the  last  stages  of  exploration  of  a 
low-grade  ore  deposit  to  be  developed  by  open 
pit  methods.  At  one  porphyry  copper  property, 
a  shaft  was  sunk  on  a  centrally  located  portion 
of  the  drilled-out  deposit  in  mineralization 
believed  typical  of  the  ore  body.  The  shaft  was 
sunk  directly  on  one  of  the  exploration  drill 
holes,  and  all  the  material  excavated  was 
collected  as  one  hugh  sample.  A  station  was 
cut  in  the  shaft,  several  hundred  feet  below  the 
surface  at  about  the  level  of  the  lowest  open  pit 
mining  planned.  From  the  station,  drifts  were 
driven  radially  outward  in  a  pattern  resembling 
the  spokes  of  a  wheel,  each  drift  directed 
toward  an  adjacent  exploration  drill  hole.  A 
raise  was  driven  on  each  of  these  drill  holes, 
using  it  as  a  pilot,  to  the  surface. 

The  material  from  each  of  the  raises  was 
separately  stored  as  an  individual  bulk  sample. 
Each  sample  was  separately  processed,  and 
the  grade  of  copper  was  analyzed  as  a  check 
against  the  assays  obtained  in  the  original 
exploration  drill  holes.  A  very  small  upward 
revision  of  the  drill  hole  assays  was  indicated, 
lending  confidence  to  the  enterprise,  and 
adding  millions  of  pounds  of  copperto  the  ore 
reserve  available  for  mining. 
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Pilot  Testing 


Preliminary  metallurgical  "bench  tests"  are 
performed  using  a  few  hundred  pounds  of  ore 
from  the  drill  core.  The  tests  provide  a  general 
idea  of  the  milling  procedures  to  be  used  in 
concentrating  the  ore. 

In  a  major  project,  underground  bulk 
sampling  provides  sufficient  ore  to  operate  a 
pilot  plant  with  a  capacity  of  50  to  1 00  tons  per 
day  for  several  months.  The  pilot  plant  is  a 
miniature  version  of  the  full-scale  plant  to  be 
built  to  concentrate  the  ore  from  the  mine.  The 
design  of  the  pilot  testing  plant  is  based  on 
knowledge  of  the  type  of  ore  in  the  deposit  and 
the  details  of  bench  testing  of  ore  from 
exploration  core  drilling. 

Details  of  crushing,  grinding,  concentration 
characteristics,  and  waste  disposal  can  be 
studied  over  a  period  of  time  in  a  pilot  plant. 
Also  considered  are  the  effects  that  a  change  in 
one  part  of  the  process  will  have  on  another,  as 
well  as  the  overall  efficiency  of  the  process. 
Alterations  are  made  in  the  design  of  the  full- 
scale  plant.  Costs  of  construction,  operating 
costs,  and  waste  disposal  problems  can  be 
determined  for  use  in  broad  planning  and  in 
the  final  feasibility  study. 

On  a  large  project,  the  pilot  plant  work  may 
be  done  in  a  plant  specially  constructed  at  the 
mine  site.  In  other  cases,  pilot  test  work  will  be 
done  at  a  central  company  laboratory  location, 
university  facility,  or  by  metallurgical  research 
companies  specializing  in  this  work.  The  small 
operator  usually  conducts  pilot  testing  on  a 
very  small  scale,  and  anticipates  months  of 
modification  of  his  full-scale  plant  to  insure 
good  results. 


Feasibility  Studies 

At  some  point  in  the  continuing  exploration, 
it  may  become  apparent  that  the  program  is 
successful— that  an  ore  deposit  is  present. 
Then  begins  the  work  of  bringing  the  ore  body  to 
its  full  potential  by  developing  enough  ore  to 
plan  a  mining  operation,  or  to  completely 
explore  and  develop  the  entire  deposit. 

In  a  typical  feasibility  study,  all  of  the 
information  gathered  earlier  is  assembled  and 
turned  over  to  an  engineer  or  engineering 
group    for    evaluation.    While   this    study    is 


underway,  exploration  continues  as  the 
project  geologist  tests  the  various  possible 
extensions  of  the  ore  body. 

Once  the  decision  has  been  made  to  begin 
development,  the  exploration  geologist  or 
prospector,  who  has  largely  been  responsible 
for  finding  the  ore  body,  leaves  the  scene.  For  a 
variety  of  reasons,  the  exploration  geologist  or 
prospector  no  longer  contributes  effectively  to 
the  process  of  making  the  prospect  into  a  mine. 
Further  geological  work,  drilling,  or  other 
operations  to  block  out  ore  are  done  by  a  mine 
geologist  under  the  supervision  of  local  mine 
managers,  who  are,  of  course,  production 
oriented. 

The  formal  feasibility  study  includes  an 
economic  analysis  of  the  rate  of  return  that  can 
be  expected  from  the  mine  at  a  certain  rate  of 
production.  Some  of  the  factors  considered 
during  such  an  economic  analysis  are: 

Tons  in  the  deposit 

Grade  of  the  mine  product 

Mill  recovery 

Sale  price  of  the  metal  or  mineral 

Cost  of  mining  per  ton 

Cost  of  milling  per  ton 

Royalties 

Capital  cost  of  the  mine 

Capital  cost  of  the  mill 

Exploration  and  development  cost 

Mining  rate,  tons  per  day 

Depreciation  method  used 

Depletion  allowance 

Working  capital  necessary 

Miscellaneous  costs  of  operation 

Tax  rate 

In  many  cases  this  information  will  be  put 
through  a  computer  to  calculate  the  dollar 
value  of  the  yearly  gross  sales,  operating  costs, 
operating  income,  depreciation,  depletion, 
income  tax,  net  income  after  taxes,  the  cash 
flow  and  the  after-tax  rate  of  return  on 
investment.  Many  companies  have  their  own 
programs  and  computers.  Outside  firms  are 
available  to  undertake  this  work  for  a  fee.  Prior 
to  the  advent  of  computers,  this  information 
was  laboriously  calculated  by  a  team  of 
engineers  using  mechanical  equipment 
requiring  hundreds  of  computations  and  days 
or  weeks  to  complete  the  analysis. 

Each  mining  organization  has  a  minimum 
acceptable  rate  of  return  on  investment.  The 
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cost  of  borrowing  capital  for  the  mine  or  of 
generating  the  needed  capital  internally  within 
the  company  must  be  considered.  If  a 
company  has  a  number  of  attractive 
investment  opportunities,  the  rate  of  return 
from  the  proposed  mine  venture  may  be 
compared  with  the  rate  expected  on  a  different 
mining  venture  elsewhere,  or  with  some  other 
business  opportunity  unrelated  to  mining.  Every 
organization  has  a  limit  to  the  amount  of  funds 
available  for  new  capital  investments. 
Management    has    an    obligation    to    its 


stockholders  or  investors  to  select  projects 
with  the  best  rate  of  return. 

As  a  general  rule  of  thumb,  a  project  must 
have  better  than  a  15-percent  rate  of  return  to 
be  considered  by  a  major  company.  An 
individual  commonly  expects  a  30-  to  50- 
percent  rate  of  return  to  consider  investing  in  a 
mining  venture.  Among  other  uses  of  the  cash 
flow  generated  by  the  mine,  these  funds  must 
finance  continuing  exploration  elsewhere,  pay 
for  past  failures,  and  contribute  to  the  mine's 
portion  of  main  office  and  general  overhead. 


DEVELOPMENT 


After  exploration  has  provided  a  rough  idea 
of  the  shape  and  size  of  an  ore  deposit,  general 
geological  characteristics,  and  average  grade, 
and  feasibility  studies  have  thoroughly  ana- 
lyzed the  data  available,  the  decision  to  devel- 
op the  property  may  be  made. 

At  this  time,  the  owner  may  decide  to  obtain 
outside  financing.  Standard  loan  financing  is 
not  often  available  to  mine  developers.  The 
property  may  be  sold  outright  for  cash  or  for 
stock  in  an  operating  company,  or  a  royalty  on 
production  may  be  retained.  The  owner  of  the 
new  ore  deposit  may  attempt  to  interest  an 
operating  group  in  furnishing  management 
and  undertaking  operation  of  the  mine  for  a 
percentage  of  the  return.  Often  some  form  of 
joint  venture  is  worked  out, when  theowner  of 
the  ore  deposit  will  agree  to  share  the  profits 
after  the  mine  has  been  put  into  production 
with  an  operator  who  is  to  provide  the  capital 
and  know-how  to  develop  the  mine.  Even  when 
the  company  develops  its  own  exploration 
find,    there    is    need    for    careful    develop- 


ment planning  because  capital  investment  is 
large,  and  mistakes  are  costly  from  this  point 
onward. 

There  are  almost  always  small  bothersome 
details  remaining  at  this  point  that  should  have 
been  attended  to  prior  to  the  discovery  and 
outlining  of  the  ore  deposit.  For  example,  a 
suitable  millsite  or  townsite  might  not  have 
been  secured,  minor  property  ownership  prob- 
lems may  need  to  be  resolved,  or  water  rights 
may  not  be  secured.  For  this  reason,  and  the 
fact  that  entirely  new  personnel  are  sent 
in  to  undertake  development  and  may  not  be 
fully  familiar  with  all  aspects  of  the  program, 
company  personnel  are  just  as  close-mouthed 
as  ever  in  dealing  with  outsiders. 

The  various  methods  involved  in  mine 
development,  and  the  emphasis  given  to  them, 
depend  to  a  large  degree  upon  the  kind  of  ore 
body  involved  and  the  mining  method  to  be 
used.  Some  of  the  more  common  approaches 
to  mine  development  will  next  be  described 
to  provide  insight  into  this  poorly  understood 
aspect  of  mining. 
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Drilling  Large  Deposits 

One  or  more  stages  of  exploration  drilling, 
perhaps  done  over  several  decades,  may  reveal 
the  presence  of  a  large  body  of  what  can  now 
be  called  ore,  considering  present  technology, 
economic  conditions,  and  metal  prices.  The 
entire  deposit,  or  selected  portions  of  it,  may 
now  be  drilled  carefully  to  determine  its  exact 
grade,  volume,  and  three-dimensional  outline. 
The  development  program  should  furnish  the 
following  information: 

1.  The  size  and  shape  of  the  ore  deposit. 

2.  The  average  grade  of  the  deposit  and  total 
tonnage  of  material  that  can  be  called  ore 
within  prescribed  economic  limits. 

3.  The  distribution  of  different  kinds  of  ore, 
and  the  mineralogy  of  ores,  if  more  than  one 
kind  will  necessitate  separate  handling  or 
treatment. 

4.  Geology  of  the  ore  body,  particularly  as  it 
will  affect  mine  design  and  layout. 

5.  The  location  of  waste  rock  which  must  be 
selectively  cast  to  one  side  or  left  unmined. 

6.  Operating  factors  such  as  ground  water, 
nature  of  the  rock  as  it  may  affect  blasting  or 
ripping  characteristics,  bench  level  intervals, 
pit  slopes,  and  need  for  secondary  blasting. 

The  pattern  and  spacing  development  of  drill 
holes  requires  special  care  because  first 
preliminary  ore  reserve  calculations  are  based 
upon  the  drill  hole  sample  data.  Some  bulk 
minable  types  such  as  iron,  coal,  phosphate, 
and  potash  usually  have  relatively  uniform 
distribution.  Low-grade  copper  or 
molybdenum  mineralization  is  much  more 
erratic. 

Statistical  techniques  are  important  in  plan- 
ning development  drilling  programs,  and  in  the 
analysis  of  the  sample  data  obtained.  Enough 
holes  must  be  drilled  to  insure  continuity  of 
geologic  data  between  drill  holes  and  to  assess 
the  relation  of  geology  to  grade  changes. 

Where  mathematical  procedures  have  been 
used  in  determining  the  layout  of  develop- 
ment drill  holes,  it  may  be  necessary  to  ad- 
here to  a  relatively  rigid  geometric  pattern  or 
interval  between  drill  holes,  and  this  may 
require  preparation  of  drill  sites  in  posi- 
tions that  would  normally  not  be  considered, 
at  least  in  the  initial  phases  of  exploration 
work.  The  drill  roads  and  drill  sites  are  often 


better  designed  and  more  elaborate 
than  for  exploration,  because  the  equipment 
to  be  used  is  more  complex  and  will  be  in 
operation  over  a  longer  period  of  time,  and 
work  continues  the  year  around  except  in 
areas  of  extreme  seasonal  weather  conditions. 


Drilling  Small  Deposits 

If  exploration  of  a  small  irregular  deposit 
indicates  the  general  position  of  the  ore 
deposit  in  the  subsurface,  and  if  a  high  enough 
grade  or  large  enough  tonnage  is  indicated, 
there  may  be  a  trade-off  decision  whether  to 
undertake  more  drilling,  perhaps  using  more 
precise  methods,  or  to  proceed  directly  with  a 
limited  amount  of  underground  development. 
This  usually  depends  more  upon  the 
philosophy  of  management  than  on  the  facts 
that  might  be  presented;  some  production  and 
exploration  managers  prefer  to  drill,  and  can- 
not conceive  of  underground  work  for  any- 
thing but  production. 

Usually  the  decision  to  continue  drilling  is 
made  where  costs  are  reasonable  and  there  is 
total  confidence  in  the  sampling  procedures. 
If  the  deposit  lies  near  the  surface  and  can  pro- 
bably be  mined  by  open  pit,  there  is  merit  in  a 
grid  of  vertical  drill  holes  to  exactly  define  the 
limits  before  stripping  waste  or  attempting 
initial  mine  production. 

There  are  many  cases  where  bold  explor- 
ation drilling  programs  have  been  conducted 
in  areas  of  small,  erratic,  high-grade  ore  de- 
posits. In  one  such  district  in  mountainous 
terrain,  10  relatively  deep  drill  holes  were  put 
down  in  an  old  silver  district,  and  3  of  the  holes 
intersected  mineralization  suggestive  of  the 
ore  mined  in  the  past,  but  at  scattered  local- 
ities, at  least  500  feet  vertically,  and  2,000  feet 
horizontally  from  any  point  where  under- 
ground development  might  begin.  The  costs  of 
further  drilling,  of  shafting,  or  driving  an  adit 
were  all  far  more  than  any  profit  that  could 
reasonably  be  expected  from  an  average  ore 
deposit  in  the  district.  The  question  in  a  case 
such  as  this  becomes  not  so  much  "what  do  we 
do  with  it?"  as  "why  did  we  get  ourselves  into 
this  dilemma?" 

As  in  all  phases  of  prospecting,  exploration, 
and  development,  the  prime  function  of  the 
project  geologist  is  to  have  a  clear  picture  of 
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the  exact  kind  of  ore  sought,  and  the  possible 
size  and  grade  of  the  ore  deposit  as  an  eco- 
nomic entity. 

Development  Shafts 
and  Adits 

When  the  decision  is  made  to  do  a  certain 
amount  of  underground  work  as  the  first  step 
in  mine  development,  it  is  essential  to  have  the 
plan  for  mining  worked  out.  In  hilly  or  moun- 
tainous terrain,  planning  is  less  critical  be- 
cause a  few  short  adits  and  a  raise  or  two  (fig. 
13)  to  the  surface  will  inexpensively  begin  the 
development  of  the  ore  deposit  and  be  of  major 
value  later  in  ventilation  and  in  movement  of 
men,  equipment,  ore  and  waste  rock.  If  the 
terrain  is  relatively  flat  the  decision  to  proceed 
is  far  more  critical,  because  shafting  is  very 
expensive,  and  only  a  vertical  shaft,  well  situ- 
ated with  respect  to  the  ore  deposit,  will  be  use- 
ful during  later  production  work.  If  enough 
data  are  not  available  to  plan  such  work,  one 
might  seriously  ask  if  exploration  information 
is  sufficient  to  proceed  with  development. 

It  is  not  uncommon  for  mines  to  go  through 
two  or  more  stages  of  development  and  re- 
development. A  relatively  modest  shaft  and 
hoisting  facility  might  be  entirely  adequate  to 
develop  and  mine  100  tons  of  ore  per  day  in 
relatively  rich  material  near  the  surface.  After 
several  years,  long-term  plans  may  indicate  the 
need  for  a  much  larger  headframe  and  hoist, 
when  development  of  large  tonnages  of  low 
grade  ore  deeper  in  the  mine  makes  possible 
a  production  rate  of  1,000  tons  per  day  with  a 
new  and  larger  mill  on  the  property.  The  smaller 
operation  may  have  financed  the  major  de- 
velopment work,  and  proven  the  larger  ore  re- 
serve far  more  thoroughly  than  any  exploration 
work  that  might  have  originally  been  justified. 
Usually  these  redevelopments  are  not  inten- 
tional but  are  the  result  of  higher  metal  prices, 
unexpected  good  results  in  initial  develop- 
ment, new  milling  methods  becoming  avail- 
able, or  other  factors. 

Blocking  Out  Ore 
Underground 

In  a  typical  underground  operation,  it  is 
desirable  to  postpone  some  of  the  develop- 


ment work  until  after  the  mine  is  put  into  pro- 
duction. In  this  manner,  capital  investment 
requirements  are  offset  as  some  financial  re- 
turn begins  to  come  in.  In  the  United  States  it 
is  common  practice  to  develop  and  produce 
from  the  upper  levels  of  a  mine,  and  to  later 
deepen  the  shaft  and  develop  the  lower  levels 
in  a  carefully  planned  schedule  timed  in  co- 
ordination with  depreciation  of  the  surface 
plant.  Usually  some  rule  of  thumb  is  adopted 
to  insure  that  a  ton  of  ore  is  developed  for  each 
ton  of  ore  mined. 

At  one  property,  a  foot  of  development 
(drifts,  raises,  winzes)  might  be  done  for  each 
10  tons  of  ore  taken  from  the  mine.  At  another 
property  a  foot  of  diamond  drilling  per  ton  of 
ore  may  be  crude  insurance  that  the  develop- 
ment of  the  property  is  a  viable  operation. 

The  yearly  statement  of  "ore  reserves,"  if 
made  available  in  any  form  to  outsiders,  there- 
fore does  not  accurately  reflect  the  possible 
ultimate  production  of  the  mine.  There  are 
many  reasons  for  such  conservative  practices; 
abrupt  fluctuations  of  metal  prices  can  convert 
ore  to  waste  overnight,  local  tax  laws  may  be 
applied  on  an  "inventory"  basis  to  a  wasting 
asset,  labor  negotiations  can  become  difficult 
if  there  is  a  false  impression  as  to  longevity  of 
the  operation,  and  there  would  be  legal  ques- 
tions introduced  if  speculative  material  were 
called  ore  by  management. 

When  a  miner  speaks  of  production  plus  re- 
serves, he  is  making  little  allowance  for  ore 
that  lies  far  ahead  of  present  development 
work.  Some  companies  have  only  a  certain 
minimum  tonnage  of  reserves  on  hand,  and  do 
not  feel  the  cash  required  to  increase  the  re- 
serve figure  is  a  good  investment.  Three  cate- 
gories of  ore—proven,  probable,  and  possible- 
are  generally  accepted  in  statements  of  ore 
reserves  (fig.  14). 

Proven  (Measured)  Ore 

Proven  ore  is  that  for  which  tonnage  is  com- 
puted from  dimensions  revealed  in  outcrops, 
trenches,  workings,  or  drill  holes,  and  for 
which  grade  is  computed  from  adequate  sam- 
pling. The  sites  for  inspection,  sampling,  and 
measurement  are  so  closely  spaced,  on  the 
basis  of  defined  geological  character,  that  the 
size,  shape,  and  mineral  content  are  well 
established. 
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Figure  14. --Partially  developed  vein,  three  ore  categories. 


Probable  (Indicated)  Ore 

Ore  for  which  tonnage  and  grade  are  com- 
puted partly  from  specific  measurement,  sam- 
ples, or  production  data,  and  partly  from  pro- 
jection for  a  reasonable  distanceon  geological 
evidence  is  considered  probable  ore.  The 
openings  or  exposures  available  for  inspec- 
tion, measurement,  and  sampling  are  too 
widely  or  inappropriately  spaced  to  outline  the 
ore  completely  or  to  establish  its  grade 
throughout. 


Possible  (Inferred)  Ore 

Quantitative  estimates  of  possible  ore  are 
based  largely  on  knowledge  of  the  geological 
character  of  the  deposit  and  few,  if  any,  sam- 
ples or  measurements.  Estimates  are  based  on 
assumed  continuity  or  repetition  for  which 
there  is  geological  evidence;  this  evidence  may 


include  comparison  with  deposits  of  similar 
types.  Bodies  that  are  completely  concealed, 
but  for  which  there  is  some  geological  evi- 
dence, may  be  included. 

The  terms  proven,  probable,  and  possible 
are  used  by  mine  operators  to  distinguish  the 
ore  categories  in  a  single  mine  or  perhaps,  at 
most,  a  mining  district.  Locally,  much  more 
rigorous  definitions  of  proven,  probable,  and 
possible  are  used.  The  terms  measured,  indi- 
cated, and  inferred  are  applied  in  a  much 
broader  sense,  such  as  in  expressing  the  re- 
serves of  the  bedded  phosphate  ore  in  a  wes- 
tern State,  and  are  employed  mostly  by  Federal 
and  State  agencies,  mineral  economists,  aca- 
demicians, and  commodity  analysts. 

Access 

Because  of  the  heavy  flow  of  traffic  and  large 
equipment  involved,  the  requirement  for  good 
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access  roads  is  generally  greatest  during  mine 
development.  Many  western  States  and  coun- 
ties move  construction  and  maintenance  of  im- 
proved roads  into  a  position  of  first  priority  in 
their  budgets,  especially  where  a  good  road 
can  be  easily  constructed  from  one  of  the 
county's  towns  directly  to  the  mine.  The  coun- 
ty then  not  only  receives  the  tax  benefits  pro- 
vided directly  by  the  mining  operation,  but  also 
retains  the  much  larger  secondary  benefits  of 
commerce  and  employment  and  tax  revenues 
from  them.  The  tremendous  economic  impact 
of  a  new  mine  operation  is  often  not  fully  ap- 
preciated by  economists  and  land  use  planners 
more  accustomed  to  dealing  with  agriculture 
or  normal  urbanization,  and  the  financial  im- 
pact may  come  as  somewhat  of  a  bombshell  to 
local  planners. 

The  access  roads  to  a  property  being  de- 
veloped by  underground  methods  are  often  in 
canyon  bottoms  and  stop  atthesiteof  the  main 
shaft  of  adit  portal  on  the  main  development 
level.  Additional  roads  over  the  surface  of  the 
ore  deposit  are  not  usually  necessary,  except 
to  service  ventilation  equipment  in  a  second 
exit  or  for  other  service  functions  specific  to 
the  site. 

Where  large  deposits  are  being  developed  by 
drilling  and  open  pit  methods  are  planned, 
building  access  roads  for  drills  is  a  major  un- 
dertaking, and  surface  disturbance  is  at  a  max- 
imum, especially  in  the  area  immediately  over 
the  ore.  These  roads  can  be  extremely  un- 
sightly because  they  are  so  closely  spaced  and 
often  traverse  steep  hillsides  where  no  normal 
road  would  be  planned.  They  will  be  removed 
during  stripping  and  mining  or  will  be  covered 
by  waste  dumps  placed  around  the  pit  as  de- 
velopment and  production  continue.  In  gen- 
eral, the  access  roads  on  private  property  will 
be  paid  for  entirely  by  the  mining  company, 
although  they  may  be  later  opened  to  provide 
access  for  the  public  to  recreational  areas, 
vistas  of  the  mine  operation,  or  other  areas  of 
general  interest. 

Power 

The  requirement  for  electricity  in  mining 
operations  is  usually  large  from  the  develop- 
ment stage  onward  where  essentially  all  power 
is  electrical  except  for  mobile  units,  such  as 
trucks.   Large  developments   usually   involve 


contracts  with  power  companies  and  public 
utilities  for  new  transmission  lines  and  sub- 
stations necessary  to  bring  outside  power  into 
the  property.  At  smaller  properties,  or  those  in 
very  remote  locations  far  from  low-cost  sourc- 
es of  electricity,  diesel  generator  sets  are  in- 
stalled within  the  mine-mill  plant  complex.  The 
principal  considerations  are  a  site  suitable  for 
unloading  and  storage  of  bulk  fuel,  distance  of 
transmission  of  power,  and  position  of  the 
plant  away  from  residential  areas  because  of 
the  noise. 

Energy  for  the  powerplant  is  usually  derived 
from  water  or  hydrocarbon  fuels  in  typical 
mining  situations.  The  diesel-engine  generators 
especially  adaptable  to  smaller  locations  have 
outputs  up  to  15,000  to  20,000  kilowatts  and 
can  be  preengineered  by  manufacturers  to 
company  specifications.  Steam  generating 
plants  generally  have  a  minimum  economic 
output  of  5,000  kilowatts.  Where  public  utility 
or  Government  power  is  available,  the  mine 
owner  usually  finds  it  cheaper  and  more  re- 
liable than  generators,  and  he  will  share  in  the 
cost  of  constructing  the  connecting  line  from 
the  closest  existing  utility  line.  Up  to  a  con- 
nected load  of  about  1,000  horsepower,  it  is 
cheaper  to  let  the  utility  provide  a  primary  sub- 
station; above  this  horsepower  a  more  favor- 
able rate  may  be  obtained  by  constructing  a 
private  primary  substation  to  transform  in- 
coming power  to  usage  voltages. 


Communications 

At  most  locations,  entry  into  the  develop- 
ment stage  calls  for  planning  full  telephone 
communications  for  the  mine  and  mine  com- 
munity. In  the  western  United  States,  mine 
operators  are  not  as  aviation  conscious  as  in 
similar  areas  of  Alaska  or  Canada,  but  some 
thought  is  usually  given  to  a  small  landing 
strip  or  helicopter  landing  area  for  direct  air 
evacuation  of  seriously  ill  or  injured  personnel. 

As  development  continues,  limited  medical 
facilities  are  constructed,  but  the  nature  of 
mine  and  mill  industrial  accidents  is  such  that 
immediate  air  or  other  rapid  evacuation  of 
victims  is  contemplated  to  the  specialized 
medical  facilities  available  only  in  the  larger 
communities.  Many  companies  maintain  com- 
pany-owned ambulances  or  enter  into  con- 
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tractual  or  cooperative  agreements  with  others 
for  ambulance  service. 

Site  Preparation 

The  location  of  the  ore  deposit  determines 
the  mining  method,  and  once  the  choice  is 
made,  the  siting  of  surface  facilities  is  a  rela- 
tively inflexible  analysis  or  checkoff  to  deter- 
mine which  location  best  meets  requirements. 

Mine 

If  a  vertical  shaft  is  to  be  the  main  develop- 
ment, it  may  be  desirable  to  sink  it  in  barren 
wall  rock  at  one  end  or  to  one  side  of  the  ore  de- 
posit to  keep  haulage  and  hoisting  facilities 
clear  of  actual  underground  mining,  yet  mini- 
mize tramming  of  ore  underground  tothe  mine 
exit.  Inclined  shafts  and  declines  allow  a  mea- 
sure of  flexibility,  for  they  can  be  directed  from 
a  suitable  surface  point  to  the  ideal  position 
underground. 

Horizontal  development  by  adit  is  the  most 
difficult  to  plan  in  some  respects,  and  is  usually 
considered  only  where  topographic  relief  is 
considerable.  Development  by  adit  is  prefer- 
able because  water  can  be  drained  without 
pumping,  and  level  ore  haulage  systems  re- 
quire far  less  energy  and  capital  investment 
than  hoists  over  shafts  or  conveyor  systems  in 
declines.  Also,  the  ore  and  waste  can  be  taken 
down  and  out  of  the  mine  at  minimal  operating 
cost. 


The  mine  plant  must  be  suitably  situated  for 
access  by  road.  The  ground  beneath  must  be 
suitable  for  support  of  building  foundations, 
and  the  area  should  be  free  from  risk  of  land- 
slides, avalanches,  or  unusual  runoff  during 
the  various  flood  seasons. 

The  basic  mine  plant  for  underground  min- 
ing operations  consists  of  headframe,  hoist, 
timber  framing  and  storage  area,  miner's 
change  house,  compressor  house,  machine 
shops,  warehouse,  office,  ore  storage,  and  ore 
loading  and  shipping  facilities.  In  unusually 
severe  topography,  the  ore  may  be  hauled  by 
truck,  conveyor,  or  aerial  tramway  to  the  treat- 
ment plant,  and  coarse  crushing  may  be  done 
at  the  mine.  Normally  the  ore  treatment  plant  is 
placed  as  close  to  the  mine  as  possible  to  re- 
duce handling,  and  in  some  cases  to  facilitate 
return  of  the  mill  tailings  underground  as  fill  to 
support  stoped  areas  (see  fig.  13,  15). 

In  many  underground  mining  situations,  the 
surface  plant  can  be  located  directly  over  the 
mine  without  fear  of  damage  due  to  subsi- 
dence. Where  large  amounts  of  development 
must  be  done  in  barren  wall  rock,  and  the  re- 
sulting waste  cannot  be  disposed  of  in  cut- 
and-fill  stopes,  it  is  necessary  to  provide  for 
waste  dumps  near  the  collar  of  the  shaft  or  por- 
tal of  the  adit. 

In  open  pit  operations,  large  areas  are  re- 
quired for  roads,  mining,  stripping,  disposal  of 
waste  rock,  and  low-grade  stockpiles  or  heap 
leaching  operations. 


Figure  15.-Open  stope  mining  method. 
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Extensive  parking  areas  are  required  if  the 
employees  travel  to  work  by  automobile.  When 
space  is  restricted,  remote  parking  areas  are 
serviced  by  shuttle  busestotakethementothe 
working  area.  If  the  mine  is  in  a  very  remote 
region,  temporary  housing  and  meal  facilities 
may  be  provided  for  visitors,  maintenance 
personnel,  and  top  management. 

An  effort  is  usually  made  to  locate  and  con- 
struct the  mine  plant  in  harmony  with  the  local 
environment,  but  safety  and  fire  insurance 
considerations  may  dictate  a  certain  amount 
of  careful  clearing  of  forest  around  the  surface 
installations  so  that  they  may  be  protected 
from  forest  fires.  This  also  minimizes  the  risk 
of  igniting  the  surrounding  forest  if  a  fire 
starts  within  the  plant. 

In  extremely  difficult  surface  situations, 
mine  plants,  and  in  a  few  cases  the  ore  treat- 
ment facilities,  have  been  installed  under- 
ground as  a  more  economical  measure  than 
attempting  to  combat  steep  terrain,  bitter 
low  winter  temperatures,  or  risk  of  avalanches. 
Today  much  consideration  is  given  to  locating 
the  surface  mine  plant  in  some  side  canyon 
away  from  public  view,  even  if  this  may  involve  a 
longer  haul  for  ore  and  waste  and  extended 
access  roads.  With  planning  and  a  slight 
additional  investment,  it  might  be  possible 
to  have  the  entire  mine  operation  out  of  sight 
of  the  average  tourist. 

Mill 

In  former  years,  mills  were  generally 
constructed  on  hillsides  to  utilize  gravity  to 
feed  ore  and  water  through  the  plant.  Today, 
construction  costs  and  workers'  demands 
favor  construction  of  mill  facilities  on  about 
the  same  level  as  the  mine.  The  mill  is  situated 
at  some  convenient  site  between  the  mine  and 
the  mill  tailings  disposal  area.  The  main  offices 
and  powerplant  are  usually  located  at  the 
mill,  where  mine  and  mill  are  separated. 

Ore  crushing,  blending,  and^storage  units 
must  be  accommodated,  as  well  as  the  mill 
structure  itself  and  warehouses,  loading, 
unloading,  and  weighing  facilities.  Loading 
and  turnaround  facilities  for  trucks  and  rail- 
roads may  be  a  major  space  requirement, 
where  large  amounts  of  ore  or  concentrate 
are  shipped  or  large  quantities  of  mine  sup- 
plies and  mill  reagents  are  received. 


Townsite 

Whenever  possible,  mine  planners  try  to 
avoid  getting  into  the  business  of  providing 
housing,  public  buildings,  streets,  schools, 
and  playgrounds.  They  will  make  every  effort 
to  utilize  and  expand  existing  facilities  in  near- 
by towns.  The  idea  held  in  former  years  that 
an  additional  profit  could  be  made  from  the 
company  store  and  other  tightly  controlled 
facilities  has  given  way  to  an  open  attitude 
where  the  company  will  help  support  local 
schools,  trailer  parks,  and  medical  and  other 
facilities,  with  private  individuals  or  independ- 
ent groups  responsible  for  their  operation. 

Where  a  town  is  built  for  company  per- 
sonnel, suitable  space  must  be  provided  for  a 
small  city  in  no  way  different  from  a  mature 
community,  except  that  all  applicable  build- 
ing codes  will  necessarily  be  adhered  to  and 
the  facilities  commonly  serve  a  larger  propor- 
tion of  younger  families.  The  townsite  may  be 
close  to  mine  and  mill,  so  close  that  the  aver- 
age employee  can  walk  to  work.  The  housing 
provided  for  families  usually  is  an  added  cost 
of  the  operation,  but  living  facilities  for  un- 
married workers  may  come  much  closer  to 
breaking  even  financially.  North  American 
mining  communities  average  about  five  per- 
sons per  family,  and  the  ratio  of  married  to 
single  employees  varies  depending  upon  the 
isolation  of  the  project. 

In  extremely  remote  situations,  unusual 
schedules  are  established  so  that  employees 
work  relatively  long  shifts  for  short  periods, 
with  high  wages  and  frequent  short  vaca- 
tions, and  free  transportation  home  to  their 
families  and  back.  At  the  mine,  bachelor  facil- 
ities are  provided  for  all  workers.  The  opera- 
tion is  expected  to  yield  a  higher  than  normal 
return  on  investment  to  offset  these  increased 
labor  costs. 

Postponement  of 
Production 

Sometimes,  after  the  excitement  of  the  orig- 
inal land  acquisition  and  exploration  drilling, 
work  on  a  mine  project  is  halted.  This  is 
perplexing  to  local  people,  some  of  whom  may 
have  begun  to  make  changes  in  their  personal 
and  business  lives  in  anticipation  of  the  new 
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mining  operation.  There  are  many  reasons 
why  a  mining  company  may  delay  putting 
property  into  production.  There  are  always 
rumors  going  around  when  this  happens,  and 
business  people  and  community  leaders 
sometimes  call  for  a  clear  statement  of  intent, 
so  that  everyone  will  know  what  to  expect. 

Sometimes  it  is  possible  to  make  such  state- 
ments, and  periodic  updates  may  be  issued  in 
the  interests  of  community  relations.  Just  as 
often,  company  management  has  been  so 
taken  aback  by  an  unforseen  or  uncontrollable 
event,  or  series  of  events,  that  they  do  not 
know  what  the  best  plan  for  the  future  might 
be.  Rather  than  issue  a  false  statement,  or 
speak  in  generalizations  tantamount  to  false- 
hood, the  company  may  choose,  or  be  advised, 
to  remain  silent.  The  local  project  manager 
sometimes  has  no  authority  to  discuss  the 
future  of  the  project,  and  a  meaningful  state- 
ment can  only  be  obtained  from  higher  man- 
agement. 

Although  there  are  cases  when  a  company 
may  decide  to  delay  further  development, 
it  is  not  usually  advantageous  to  do  so.  A  con- 
siderable capital  investment  must  then  lie 
idle,  providing  no  income.  Such  items  as  the 
wages  of  standby  personnel  and  watchmen, 
costs  of  insurance,  taxes,  minimum  payments 
on  property,  and  assessment  work  on  claims 
add  up  to  a  major  expense  and  accomplish 
nothing  productive.  The  morale  of  project  per- 
sonnel is  also  a  consideration;  professional 
staff  prefer  to  be  associated  with  a  live  project, 
where  a  sense  of  accomplishment  can  be 
gained  from  the  day-to-day  activities  of  a  suc- 
cessful operation.  To  the  individual  pro- 
fessional person,  assignment  to  a  dormant 
project  often  translates  into  a  dormant  pro- 
fessional career. 

Some  typical  reasons  why  a  company  may 
decide  to  delay  production  are:  (1)  A  portion 
of  the  mining  property,  water  rights,  surface 
rights,  or  other  legal  rights  still  has  not  been 
acquired;  (2)  better  market  conditions  may  be 
anticipated;  (3)  equipment  or  personnel  may 
be  coming  from  other  operations;  (4)  an  as- 
sortment of  unrelated  problems  might  best  be 
solved  by  simply  waiting  them  out. 

Many  and  varied  are  the  reasons  why  a  com- 
pany cannot  put  the  property  into  operation 


immediately,  and  some  of  the  more  critical 
ones  are  completely  beyond  the  control  of  the 
company: 

1.  Drop  in  price  of  mine  product,  or  no  rise 
in  price  if  this  had  been  anticipated. 

2.  Increase  in  labor  costs. 

3.  Unfavorable  legislation  or  regulations. 

4.  Change  in  tax  laws  or  assessment  pro- 
cedures. 

5.  Threat  of  litigation. 

6.  Action  of  private  conservation  groups. 

7.  Lack  of  smelter  or  refinery  capacity. 

8.  Lack  of  capital. 

9.  Delay    in   obtaining   delivery  of   major 
equipment. 

10.  Lack  of  transportation  facilities. 

Although  one  or  two  of  these  considerations, 
or  similar  ones,  may  be  the  paramount  reason 
for  postponing  development  of  the  mine,  there 
are  usually  many  other  factors  involved,  and 
the  "go"  or  "no  go"  decision  is  carefully  weigh- 
ed against  a  list  of  favorable  and  unfavorable 
factors,  some  of  which  may  be  changing  while 
the  deliberation  is  being  made. 

From  the  standpoint  of  surface  damage  to 
the  environment,  it  is  particularly  unfort- 
unate when  the  property  must  be  put  into  a 
holding  situation.  Often,  considerable  damage 
has  already  been  done  during  the  exploration 
and  development  stages,  and  it  will  remain 
until  the  decision  to  mine  is  eventually  made. 
For  example,  an  ore  deposit  near  the  surface 
that  is  to  be  mined  by  open  pit  methods  will  have 
been  drilled  in  a  close-spaced  pattern  of 
vertical  holes  and  the  close  network  of  access 
roads  over  the  property  will  usually  have  made 
a  mess  of  the  surface,  particularly  from  the 
visual  standpoint.  There  are  many  people  who 
find  nothing  particularly  ugly  about  a  well- 
engineered  and  smoothly  running  open  pit 
mining  operation;  however,  no  one  would  view 
the  drill  roads  as  anything  but  an  eyesore. 

Although  some  properties  have  lain  idle  for 
years  or  even  decades,  most  economically 
marginal  mining  properties  will  someday  be- 
come minable.  Increased  efficiency  of  mine 
and  mill  equipment  and  increases  in  meta: 
prices  gradually  lower  the  economic  "cut-off" 
grade  for  ore  over  the  years,  and  marginal 
properties  eventually  are  developed. 
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Prior  to  development  of  an  ore  deposit,  the 
exact  choice  of  mining  method  will  have  been 
made.  The  type  of  haulageway  for  one  mining 
method  might  be  totally  unsuitable  for  another 
method,  and  it  is  necessary  to  plan  for  produc- 
tion from  the  very  beginning.  Underground 
methods  of  mining  are  called  stoping  by  the 
American  metal  miner,  and  are  particularly 
varied. 

Underground 
Mining  Methods 

The  various  stoping  methods  have  evolved 
over  the  years  to  cope  with  particular  condi- 
tions or  to  take  advantage  of  certain  kinds  of 
labor,  equipment,  or  new  techniques  as  they 
become  available.  In  selecting  the  most  appro- 
priate stoping  methods,  the  size  and  shape  of 
the  ore  body  is  the  most  important  consider- 
ation. Overburden  conditions,  strength  of  ore 
and  enclosing  wall  rock,  water,  value  of  ore, 
and  other  factors  must  also  be  taken  into  ac- 
count. Although  there  are  minor  variations  or 
modifications  of  most  of  the  stoping  methods, 
it  is  usually  possible  to  clearly  identify  the 
basic  method  in  use  at  a  given  mining 
operation. 

Open  Stoping 

Small  ore  bodies  are  often  mined  completely 
out,  leaving  no  pillar  of  ore  in  place  to  support 
the  walls  of  the  stope.  In  some  kinds  of  rock,  it 
is  possible  to  mine  out  huge  stopes  which 
stand  open  (fig.  15)  for  years. 

Where  some  of  the  ore  body  is  left  in  place  as 
random  pillars  to  support  walls,  the  material  is 
low-grade  wherever  possible  because  it  may 
never  be  removed  from  the  mine.  Sometimes, 


after  open  stoping  a  mine,  the  pillars  are  "rob- 
bed" just  before  abandoning  that  portion  of  the 
mine,  and  the  collapse  of  the  stope  walls  is  of 
no  concern  to  the  operation.  Sometimes  nar- 
row veins  can  be  open  stoped,  placing  an  oc- 
casional wood  stull,  or  wood  beam,  from  one 
wall  of  the  stope  to  the  other.  This  is  called  stull 
stoping.  The  stulls  serve  to  support  the  vein 
walls,  and  as  places  to  anchor  wood  platforms 
upon  which  the  miners  and  equipment  stand 
while  drilling  ore  overhead. 

Room  and  pillar  mining  (fig.  16)  is  commonly 
done  in  flat  or  gently  dipping  bedded  ores. 
Pillars  are  left  in  place  in  a  regular  pattern  while 
the  rooms  are  mined  out.  In  many  room  and 
pillar  mines,  the  pillars  are  taken  out,  starting  at 
the  farthest  point  from  the  mine  haulage  exit, 
retreating,  and  letting  the  roof  come  down  up- 
on the  floor.  Room  and  pillar  methods  are  well 
adapted  to  mechanization,  and  are  used  in  de- 
posits such  as  coal,  potash,  phosphate,  salt, 
oil,  shale,  and  bedded  uranium  ores. 


Shrinkage  Stoping 

Shrinkage  stoping  (fig.  17)  is  done  by  stop- 
ing the  ore  deposit  from  beneath,  allowing 
broken  ore  to  support  the  stope  walls,  but 
leaving  a  space  above  the  broken  ore  just  suf- 
ficient for  the  miners  to  stand  on  and  drill  over- 
head. Broken  ore  is  drawn  as  necessary  to 
maintain  this  headroom,  and  because  the  vol- 
ume of  rock  expands  upon  breaking,  about  a 
third  of  the  broken  ore  is  drawn  from  beneath 
as  stoping  progresses  from  the  bottom  of  the 
ore  block  to  the  top. 

After  the  stope  is  completed,  all  broken  ore  is 
removed  and  the  walls  are  allowed  to  cave  in. 
The  wall  rock  must  be  strong  enough  to  sup- 
port itself  during  shrinkage  stoping,  without 
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Figure  16.-Room  and  pillar  mining  method. 


breaking  away  and  becoming  mixed  with  the 
broken  ore.  Steeply  dipping  veins  with  well- 
defined,  hard  walls  are  most  suitable  for 
shrinkage  stoping. 

Cut  and  Fill  Stoping 

The  development  work  for  cut  and  fill  stop- 
ing is  similar  to  that  for  shrinkage  stoping,  ex- 
cept that  as  each  cut  of  ore  is  removed,  a  layer 
of  waste  is  placed  in  the  stope  to  support  the 


stope  walls  and  to  serve  as  a  platform  for 
miners  and  their  equipment.  All  ore  is  taken 
from  the  stopes  as  it  is  mined,  through  tightly 
timbered  raises  up  through  the  fill,  called  ore 
chutes.  Broken  waste  rock  is  commonly  used 
for  fill  and  usually  comes  from  development 
headings  elsewhere  in  the  mine.  This  practice 
makes  it  possible  to  dispose  of  waste  rock 
underground  without  the  expense  of  hoisting  it 
to  the  surface  for  dumping. 


Figure  17.--Shrinkage  stoping. 
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Figure  18.— Hydraulic  stope  fill. 


A  variation  of  the  cut  and  fill  stoping  meth- 
ods involves  returning  carefully  sized  mill 
tailings  in  a  slurry  to  the  stopes  underground, 
where  the  slurry  is  hosed  into  place  as  stope  fill 
under  the  pressure  developed  by  the  head. 
Water  quickly  drains  from  the  tailings  fill, 
which  becomes  compact  enough  to  support 
the  weight  of  men  and  equipment  as  they  con- 
tinue to  stope  overhead.  This  method  is  refer- 
red to  as  hydraulic  filling  (fig.  18)  or  sand  fill 
mining  and  is  a  convenient  way  of  combining 
the  solutions  to  the  stope  fill  and  mill  tailings 
disposal  problem. 

Rill  stoping  is  cut  and  fill  stoping  where  the 
slices  are  inclined  to  the  horizontal,  so  that  ore 
moves  down  out  of  the  stope,  and  waste  slides 
down  into  the  stope  from  above,  without  the 
need  for  hand  shoveling  or  mechanical  scrap- 
ing. Cut-and-fill  stoping  methods  are  used 
where  one  or  both  walls  may  be  weak,  so  that 
they  would  collapse  into  the  stope  to  mix  with 
broken  ore  if  not  carefully  supported. 


Square-Set  Stoping 

The  square-set  method  (fig.  19)  is  used 
where  the  ore  is  weak,  and  the  walls  are  not 
strong  enough  to  support  themselves.  The 
value  of  the  ore  must  be  relatively  high,  for 
square-setting  is  slow,  expensive,  and  requires 
highly  skilled  miners  and  supervisors.  In 
square-set  stoping,  onesmall  block  of  ore  is  re- 
moved and  replaced  by  a  "set"  or  cubic  frame 
of  timber  which  is  immediately  set  into  place. 
The  timber  sets  interlock  and  are  filled  with 
broken  waste  rock  or  sand  fill,  for  they  are  not 
strong  enough  to  support  the  stope  walls.  The 
waste  rock  or  sand  fill  is  usually  added  after 
one  tier  of  sets,  or  stope  cut,  is  made. 

Block  Caving 

The  block  caving  method  (fig.  20)  is  used  in 
mining  large  ore  bodies  that  have  a  barren  or 
low-grade  capping  too  thick  to  strip  away  from 
the  surface.   In  development,  evenly  spaced 
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Figure  19.--Square-set  stoping. 


Figure  20.--Block  caving  underground. 
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crosscuts  are  made  below  the  bottom  of  the 
ore  block  to  be  caved,  from  which  raises  are 
driven  up  to  the  ore.  The  entire  ore  block  is 
undercut  so  that  it  will  begin  caving  into  the 
raises.  The  weight  of  the  capping  and  ore  pro- 
vides the  force  to  crush  and  move  the  ore 
downward,  where  it  is  drawn  from  the  raises 
beneath,  trammed  to  the  shaft  or  decline,  and 
hoisted  to  the  surface. 

As  broken  ore  is  removed,  the  capping  will 
gradually  descend  until  broken  fragments  of  it 
coming  from  the  raises  indicate  that  all  of  the 
ore  has  been  withdrawn.  The  surface  over  the 
worked-out  mine  is  a  gigantic  collapse  feature, 
not  as  deep  as  the  height  of  ore  withdrawn,  be- 
cause of  the  "swell  factor"  of  the  broken  cap- 
ping, but  considerably  larger  in  diameter  than 
the  area  actually  caved  underground. 

Surface  Mining 
Methods 

Because  of  the  rapid  development  of  many 
types  of  large  and  efficient  earthmoving  ma- 
chinery and  auxiliary  equipment,  surface  min- 
ing methods  have  made  it  possible  to  mine 
many  ore  deposits  that  would  be  uneconomic 
to  develop  underground.  Although  there  is 
great  variation  in  detail,  only  a  few  basic  meth- 
ods are  employed,  and  the  terminology  is 
much  more  simple  than  in  underground 
mining. 

Placer  Mining 

Placer  deposits  are  concentrations  of  heavy 
minerals,  usually  within  loose  alluvium  that 
can  easily  be  excavated  and  washed.  Placer 
minerals  such  as  gold,  tin,  and  tungsten  min- 
erals, are  of  relatively  high  value,  but  the  value 
of  the  placer  gravel  itself  may  be  very  low,  often 
less  than  a  dollar  per  cubic  yard.  For  deposits 
of  such  low  grade  to  be  worked  they  must  be 
near  water,  on  or  near  the  surface  of  the 
ground,  and  should  be  only  loosely  consoli- 
dated so  that  drilling  and  blasting  are  not  nec- 
essary. The  bulk  of  placer  mining  falls  into 
three  groups— panning  and  sluicing  hydrau- 
licking,  and  dredging. 

Panning  and  sluicing. --The  traditional  goid 
miner's  pan  is  an  efficient  device  for  washing 
and  separating  placer  minerals.  However,  the 
method  is  slow,  and  even  in  the  hands  of  a  skil- 
led operator  only  small  volumes  of  material  can 


be  processed.  Most  surface  deposits  rich 
enough  to  be  mined  and  concentrated  by  pan- 
ning were  worked  over  long  ago,  in  many  cases 
by  Chinese  workers  left  idle  afterthe  construc- 
tion of  the  transcontinental  railroad.  With  to- 
day's high  wages  and  employment  opportuni- 
ties, the  deposits  remaining  are  far  too  low 
grade  to  be  worked  on  a  sustained  economic 
basis.  The  gold  pan  is  now  used  mainly  as  a 
tool  in  prospecting  and  exploration  of  low- 
grade  placer  deposits  being  considered  for 
bulk  mining  methods  such  as  dredging. 

In  recent  years,  gold  panning  has  become  a 
popular  outdoor  recreation.  There  is  excite- 
ment and  appeal  in  panning  an  occasional 
nugget  or  a  few  small  specks  of  gold.  The  re- 
mote chance  of  discovering  a  rich  pocket 
somehow  missed  by  the  oldtimers  provides  a 
stong  incentive.  In  general,  far  more  money  is 
made  selling  manuals,  maps,  equipment,  and 
gas  and  oil  to  these  hobbyists  than  is  made 
from  the  gold  itself.  There  are  shops  along  the 
foothills  of  the  Sierra  in  California  where  small 
quantities  of  placer  gold  are  sold  at  great  mark- 
up over  metal  market  quotations,  so  that  the 
unlucky  weekend  gold  panner  need  not  return 
home  emptyhanded. 

In  sluicing,  the  placer  gravel  is  shoveled  into 
the  head  of  an  elongated  sluice  box  which  is 
inclined  and  has  various  configurations  of  bars 
and  traps  across  the  bottom  called  riffles. 
Water  is  directed  through  the  sluice  box,  and 
the  heavy  placer  minerals  are  trapped  in  the 
riffles;  the  fine  material  is  washed  over  them 
and  out  as  a  relatively  barren  tailing.  Few  de- 
posits are  left  unmined  in  the  western  United 
States,  where  sluicing  might  be  economical  at 
present  gold  prices. 

In  both  panning  and  sluicing  operations,  it  is 
sometimes  possible  to  collect  very  fine  parti- 
cles of  gold  by  amalgamation,  when  mercury  is 
either  placed  in  the  bottom  of  the  riffles  or 
smeared  on  copper  plating.  The  fine  gold 
amalgamates  with  the  mercury  and  is  collected 
by  retorting  in  small  devices  which  drive  off  the 
mercury  as  vapor,  retaining  the  gold. 

Hydraulic  mining. —In  hydraulic  mining,  or 
"hydraulicking,"  a  stream  of  water  under  great 
pressure  is  directed  against  the  base  of  the 
placer  gravel  bank  using  pipes  and  large  noz- 
zles called  giants.  The  water  caves  the  bank, 
disintegrates  the  gravel,  and  washes  the  bro- 
ken material  to  and  through  sluice  boxes  situ- 
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ated  in  convenient  positions  downslope.  Hy- 
draulic mining  totally  disturbs  large  surface 
areas,  puts  much  loose  debris  into  the  drain 
age  system,  and  involves  large  surface  water 
runoff  that  may  cause  substantial  damage 
downstream.  Many  of  the  western  States  pas- 
sed laws  years  ago  to  closely  control  "hy- 
draulicking,"  and  few  substantial  deposits  of 
placer  gravel  remain  that  could  be  mined  eco- 
nomically within  the  restraints  of  this 
legislation. 

Dredging.— Large  alluvial  deposits  are  mined 
by  floating  washing  plants  capable  of  excava- 
ting the  gravel,  processing  it  in  the  washing 
plant,  and  stacking  the  tailings  away  from  the 
dredge  pond.  Two  kinds  of  equipment—bucket 
line  and  dragline—have  been  used.  The  bucket 
line  dredges  are  larger  and  more  efficient,  con- 
sisting of  a  continuous  line  of  buckets  that 
scoop  the  material  from  the  gravel  bank  at  the 
edge  of  the  dredge  pond,  raising  it  to  the  top  of 
the  washing  plant  mounted  in  the  hull.  Drag- 
line dredges  are  smaller  and  less  efficient,  and 
employ  a  single  bucket  that  digs  the  gravel  and 
is  swung  over  the  feeder  hopper  of  a  floating 
washing  plant  similar  to  the  layout  in  a  bucket 
line  dredge,  although  usually  smaller. 

Dredging  temporarily  involves  total  disturb- 
ance of  the  ground  surface,  although  with 
careful  planning  and  engineering  of  theopera- 
tion  it  is  possible  to  plan  for  restoration  of  the 


surface,  and  perhaps  even  to  improve  some  as- 
pects of  the  floodplain  or  nearby  riverchannel. 
It  is  not  possible  to  restore  the  land  to  the  pre- 
cise original  contour,  for  the  swell  factor  of  the 
gravel  increases  volume  20  percent  or  more.  In 
many  areas  in  the  West,  particularly  near  major 
construction  projects  or  cities,  clean  gravel 
placer  tailings  are  valuable  for  manufacture  of 
aggregate,  or  crusher  run,  in  fills  of  various 
kinds,  and  can  be  considered  a  resource  in 
their  own  right.  In  a  few  areas,  peopletraveling 
through  areas  of  old  placer  tailings,  expecting 
the  area  to  be  some  sort  of  wasteland,  are 
pleased  to  find  a  great  variety  of  fishing  and 
water  sport  recreation  available,  and  thriving 
wildlife  in  the  habitat  that  has  been  created. 

Because  large  placer  deposits  can  be  thor- 
oughly explored  before  floating  the  dredge, 
such  operations  lend  themselves  to  thorough 
planning,  and  it  is  possible  to  do  a  consider- 
able amount  of  reclamation  at  only  slight  in- 
crease in  overall  operating  costs. 

Glory  Holing 

Almost  every  opening  at  the  surface  is  refer- 
red to  by  local  writers  and  mining  buffs  as 
"glory  holing"  (fig.  21).  Actually  this  kind  of 
operation  is  uncommon,  as  it  involves  a  mine 
opening  at  the  surface,  from  which  ore  is  re- 
moved by  gravity  through  raises  connected  to 


Figure  21.--The  glory  hole  mining  method. 
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adit  haulageways  beneath,  and  by  tramming 
the  ore  to  the  surface  on  the  haulage  level. 

The  glory  hole  method  is  best  suited  to  min- 
ing on  a  hillside,  and  irregular  deposits  can  be 
cleanly  mined  without  dilution  by  waste  wall 
rock.  Narrow  veins  have  been  mined  by  glory 
hole;  in  these  cases  the  "hole"  becomes  narrow 
and  long.  The  benches  are  mined  away  as  work 
descends  to  the  bottom  of  the  deposit  or  to  the 
haulageway,  so  that  spectacular  steep  side- 
walls  may  result  if  the  walls  do  not  slough  in. 
Mining  can  be  quite  selective,  and  little  waste 
rock  is  thrown  on  the  surface  dumps.  The  prin- 
cipal environmental  objection  to  the  method  is 
difficulty  in  reclamation  of  the  surface  of  the 
mine  area. 

Open  Pit  Mining 

Although  the  basic  concept  of  an  open  pit 
(fig.  22)  is  quite  simple,  the  planning  required 
to  develop  a  large  deposit  for  surface  mining  is 
a  very  complex  and  costly  undertaking.  In  one 
mine,  it  may  be  desirable  to  plan  for  blending 
variations  in  the  oreso  as  to  maintain,  as  nearly 
as  possible,  a  uniform  feed  to  the  mill.  At  an- 
other operation  it  may  be  desirable  to  com- 
pletely separate  two  kinds  of  ore,  as  for  exam- 
ple, a  low-grade  deposit  where  one  kind  of 


"oxide"  ore  must  be  treated  by  acid  leach,  but  a 
second  kind  of  "sulphide"  ore  must  be  treated 
by  different  methods. 

The  grade  and  tonnage  of  material  available 
will  determine  how  much  waste  rock  can  be 
stripped,  and  there  is  often  an  ultimate  limit  to 
the  pit  that  is  determined  more  by  the  eco- 
nomics of  removing  overburden  than  asudden 
change  in  the  ore  deposit  from  mineral  to  non- 
mineral  bearing  material.  The  ultimate  pit  limit 
and  the  slope  of  the  pit  walls  are  therefore  de- 
termined as  much  by  economics  and  engineer- 
ing as  by  geological  structure.  Material  that  is 
relatively  high  grade  may  be  left  unmined  in 
some  awkward  spot  extending  back  too  deeply 
beneath  waste. 

The  typical  large  open  pit  mining  operation 
that  has  been  in  production  for  10  years  and 
more  is  operating  under  conditions  that  could 
not  possibly  have  been  foreseen  by  the  original 
planners  of  the  mine.  Metal  prices,  machinery, 
and  milling  methods  are  constantly  changing 
so  that  the  larger  operations  must  be  period- 
ically reevaluated,  and  several  have  been  com- 
pletely redeveloped  from  time  to  time  as  en- 
tirely  different   kinds  of  mining  and  milling 


operations. 


Figure  22.— Open  pit  mining. 
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Sometimes  the  preliminary  stripping  of  the 
waste  overburden  is  contracted  to  firms  spe- 
cializing in  earthmoving.  Mining  is  usually 
done  by  track-mounted  electric  shovels  in  the 
large  operations,  and  by  rubber-tired  diesel 
front-end  loaders  in  the  smaller  operations. 
Scrapers  are  sometimes  used  in  special  situ- 
ations. Large  bucket-wheel  excavators  of  the 
kind  used  in  European  coal  mines  have  not 
been  applied  to  metal  mining,  because  this 
equipment  is  best  adapted  to  softer  bedded, 
relatively  flat-lying  strata. 

Haulage  is  usually  by  truck,  although  rail- 
roads, inclined  rails,  and  conveyor  belts  have 
been  used.  The  conveyance  unloads  directly  in- 
to a  primary  crusher  and  crushed  material  is 
stored  in  coarse  ore  bins  prior  to  shipment  to 
the  mill. 

Bench  level  intervals  are  to  a  large  measure 
determined  by  the  type  of  shovel  or  loader 
used,  and  these  are  selected  on  the  basis  of  the 
character  of  the  ore  and  the  manner  in  which  it 
breaks  upon  blasting  and  supports  itself  on  the 
working  face.  Blastholes  are  usually  drilled 
vertically  by  self-propelled,  track-mounted 
pneumatic  or  rotary  drills.  Bulk  explosives  are 
loaded  in  the  holes  and  large  volumes  of  ore 
are  broken  in  asingle  blast.  Sometimes  the  drill 
holes  are  routinely  sampled  and  assayed  to 
help  plan  the  position  of  the  shovels  in  advance 
of  mining.  Blasthole  assay  control  is  especially 
desirable  when  exploration  data  are  incom- 
plete or  lacking  as  in  the  case  in  the  older  pits 
which  have  long  been  mined  past  the  limits  of 
"ore"  used  in  original  planning. 


Leaching  Methods 

Solution  mining  techniques  are  used  for 
extracting  soluble  ores  such  as  potash  and  salt 
in  situations  where  conventional  mining 
methods  would  not  be  economic.  Total  solu- 
tion of  all  the  mineral  is  not  always  accomplish- 
ed. Sulfur  is  mined  by  the  Frasch  process, 
using  steam  to  melt  the  sulfur  and  bring  it  to 
the  surface  through  bore  holes.  The  future  of 
solution  mining  appears  promising  forthere  is 
constant  improvement  in  equipment,  solvent, 
and  in  technology  of  breaking  rock  in  place 
and  controlling  the  movements  of  fluids 
through  it.  In  mining  salt,  potash,  and  sulfur, 
the  overburden  and  surface  over  it  subside. 


Subsidence  it  desirable,  because  it  increases 
the  solution  of  mineral,  and  destroys  voids, 
reducing  the  amount  of  solution  required  and 
the  time  needed  for  it  to  act. 

In  applying  methods  of  solution  mining  to 
traditional  ores  such  as  the  base  and  pre- 
cious metals,  subsidence  will  not  be  as  important 
as  surface  disturbance,  for  the  metal  taken  into 
solutions  is  only  a  minute  portion  of  the  total 
rock  matrix.  It  has  been  suggested  that  some 
zones  of  low-grade  mineralization  might  be 
leached  in  place,  and  there  is  particular  inter- 
est in  copper  and  gold  ores,  which  have  long 
been  leached  using  "vat"  processes  and  urani- 
um, which  is  easily  taken  into  solution  in  a 
number  of  solvents. 

Biologic  activity  is  known  to  hasten  the 
conversion  of  metal  in  many  ores  to  a  more 
soluble  form.  Several  naturally  occurring 
bacteria  have  been  found  to  oxidize  such 
insoluble  minerals  as  copper  sulphides, 
increasing  solubility  a  thousandfold  over  the 
sterile  condition. 

A  great  deal  of  research  is  being  done  to 
determine  the  conditions  most  favorable  for 
good  solution  of  metal,  and  the  method  can  be 
expected  to  contribute  significantly  in  future 
mining  operations,  if  not  become  an  important 
mining  method  in  its  own  right.  Operators  are 
particularly  watching  developments  of  new 
organic  solvents  that  are  environmentally 
acceptable,  are  specific  for  the  element 
desired,  and  do  not  react  with  or  become 
consumed  by  wall  rock. 

The  methods  most  commonly  used  for 
distribution  of  leach  solution  are  flooding 
ponds  over  the  leach  dump,  spray,  trickle,  and 
solution  injection.  The  pregnant  solutions  are 
collected  beneath  the  leach  zone  and  are 
pumped  to  precipitation  plants  nearby  or  to  the 
precipitation  section  of  the  main  ore  treatment 
plant  where  this  is  feasible. 

In-Place  Leaching. -Because  the  natural 
porosity  of  most  rocks  is  too  low  for  rapid, 
pervasive  penetration  of  leach  solutions,  it  is 
necessary  to  fracture  the  rocks  artificially. 
Conventional  explosives  have  been  used,  and 
one  low-grade  copper  deposit  in  Arizona  is  re- 
peatedly suggested  as  a  likely  place  to  research 
underground  use  of  a  nuclear  device,  where 
breakage,  heat,  and  pressure  would  combine 
to  make  the  copper  sulphide  minerals  much 
more  soluble  than  in  ambient  conditions. 
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On  a  more  limited  scale,  in-place  leaching 
has  been  applied  to  fill  in  old  mine  stopes, 
caved  areas  over  block  caving  operations 
underground,  and  in  peripheral  portions  of 
conventional  open  pits  where  the  grade  is  too 
low  to  permit  mining  the  material. 

This  method  is  not  well  enough  understood, 
nor  has  enough  experience  been  gained  to 
apply  it  to  a  virgin,  high-grade  ore  deposit  with 
assurance  of  control  and  predictable  recovery 
of  values  being  leached.  The  method  holds 
great  promise,  because  capital  costs  are  low 
and  there  are  fewer  environmental  problems 
compared  to  the  movement  of  vast  tonnages  of 
rock  in  conventional  mining. 

Mining  Dumps. -Low-grade  copper  mines 
usually  employ  some  form  of  leaching  for 
recovery  of  small  amounts  of  copper  contain- 
ed in  overburden  and  waste.  Open  pit  gold 
mine  operators  have  begun  to  follow  this 
practice,  particularly  where  the  pregnant 
liquor  can  be  pumped  to  the  precipitation  sec- 
tion of  an  existing  metallurgical  plant.  Usually 
no  special  consideration  is  given  to  the 
preparation  of  the  mine  dump  for  leaching,  and 
in  fact  the  decision  to  leach  often  comes  after 
the  dump  was  laid  down.  Where  it  is  possibleto 
plan  ahead  for  leaching,  the  following 
operations  are  standard  practice: 

1.  All  vegetation  is  removed  over  the  dump 
area. 

2.  The  surface  of  the  dump  area  is 
compacted  and  overlain  by  impervious 
material  such  as  clay. 

3.  Fine  material  should  be  separated. 

4.  A  long,  narrow  dump  may  be  desired  to 
promote  natural  aeration. 

5.  The  surface  of  the  dump  is  ripped,  or  other- 
wise uncompacted. 

6.  The  dump  material  may  be  moistened  as  it 
is  laid  down,  inducing  oxidation  while  the 
material  is  still  in  direct  contact  with 
atmospheric  air. 

7.  The  dump  may  be  leached  in  a  series  of 
"lifts,"  which  has  been  found  to  be  more 
efficient  than  attempting  to  leach  the  entire 
waste  dump  in  a  single  operation. 

Heap  Leaching. -~\-\eap  leaching  is  applied  to 
ores  where  the  grade  is  too  low  to  pay  for 
haulage,  conventional  concentration,  or 
leaching  in  a  vat  operation.  Complex  ores  that 


cannot  be  treated  economically  by  conventional 
processes  may  be  mined  and  heap  leached. 
The  techniques  are  no  different  than  for 
leaching  mine  dumps,  except  that  the 
operation  is  totally  planned,  and  the  precipita- 
tion plant  is  often  specifically  designed  for  the 
purpose,  rather  than  being  a  section  of  the 
plant  at  a  conventional  metallurgical 
operation.  Heap  leaching  has  been  applied 
mainly  to  low-grade  copper  and  uranium  min- 
eralization, although  there  is  presently  much 
interest  in  the  method  for  precious  metais. 


Ore  Dressing 

At  most  modern  mining  operations,  whether 
surface  or  underground,  the  ores  are  not  rich 
enough  to  ship  long  distances  to  smelters,  and 
they  are  subjected  to  milling,  mineral  dressing, 
or  beneficiation.  All  of  these  terms  are  some- 
times referred  to  as  ore  dressing.  Ore  dressing 
is  the  mechanical  separation  of  the  grains  of 
ore  minerals  from  the  worthless  gangue.  The 
resulting  concentrate  contains  most  of  the  ore 
minerals,  and  the  waste  is  called  tailings. 

Crushing  and  Concentration 

Usually  two  stages  of  crushing  are  used  in 
ore  dressing  because  it  is  more  efficient  than 
crushing  to  a  relatively  small  size  in  a  single- 
stage  operation.  First  stage,  or  primary,  crush- 
ers are  usually  jaw  crushers  in  small  operations 
and  gyratory  types  in  larger  operations.  Pri- 
mary crushers  and  the  coarse  ore  bins  may  be 
located  at  the  mine,  where  the  mine  and  mill 
operation  are  separated.  Secondary  crushers 
and  the  fine  ore  bins  are  usually  at  the  mill, 
along  with  blending  or  custom  facilities  where 
more  than  one  kind  of  ore  is  mined  or  received. 
The  fine  ore  is  ground  in  ball  or  rod  mills  to  a 
size  small  enough  to  liberate  the  ore  minerals, 
then  classified  in  various  kinds  of  machines  to 
insure  that  the  feed  to  the  mill  is  uniform. 

The  various  ore  dressing  methods  are  based 
on  physical  characteristics  such  as  density, 
wettability,  chemical  reactivity  toward  certain 
reagents,  and  magnetic  characteristics. 

Flotation.— Flotation  is  the  most  widely  used 
method  of  beneficiating  complex  and  low- 
grade  sulfide  ores  in  the  western  United  States. 
The  word  "concentrator"  is  virtually  synony- 
mous with  froth  flotation  plant.  The  crushed, 
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ground,  and  classified  ore  is  pulped  with  water, 
and  special  reagents  are  used  to  make  one  or 
more  of  the  ore  minerals  water  repellent  and 
responsive  to  attachment  with  air  bubbles.  As 
the  desired  minerals  are  buoyed  to  the  surface 
by  the  attached  air  bubbles,  they  are  removed 
by  mechanical  paddles  as  concentrate,  leaving 
the  other  minerals  behind.  Often  several 
stages  of  flotation  with  selective  reagents  are 
employed  to  obtain  the  desired  concentration. 
Pneumatic,  or  air,  flotation  cells  are  long, 
open  troughs  through  which  the  pulp  flows, 
and  gas  bubbles  are  introduced  from  the  bot- 
tom to  accomplish  agitation  and  frothing. 
Mechanical  cells  are  boxlike  and  are  agitated 
by  a  rotating  impeller  through  which  air  bub- 
bles are  introduced. 

Gravity.— Gravity  methods  of  concentration 
are  based  on  the  simple  fact  that  the  ore  min- 
erals are  heavier  than  the  gangue.  Gravity  may 
be  the  sole  method  of  concentration,  or  the 
equipment  may  be  a  part  of  the  mill  "flow" 
scheme,  where  waste  material  is  separated  in 
a  series  of  steps.  The  jig  is  a  boxlike  apparatus 
containing  a  submerged  screen  that  supports 
a  bed  of  ground  ore.  The  ore  is  stratified  by  the 
action  of  two  pulses  of  water,  one  upward, 
downward,  alternating  in  rapid  succession. 
During  this  pulsation,  particles  of  different 
density  arrange  themselves  according  to  size 
and  specific  gravity,  the  tailing  forming  the 
top  layer,  a  fine  concentrate  passing  through 
the  screen,  and  a  coarse  concentrate  forming 
in  a  layer  on  the  screen. 

Shaking  tables  are  inclined,  elongated  decks 
with  cleats  nailed  to  the  surface.  The  table  is 
vibrated  lengthwise  with  a  slow  motion  in  one 
direction  and  a  rapid  return.  A  thin  layer  of 
water  flows  down  and  over  the  deck,  and  slurry 
feed  is  introduced  at  the  upper  corner.  Small, 
heavy  particles  ride  high  on  the  table,  parallel 
to  the  cleats,  to  the  end  where  they  are  col- 
lected. Light  material  washes  over  the  cleats, 
down  to  the  lower  side  where  it  spills  over  into  a 
trough  and  is  directed  toward  the  tailings  dis- 
posal area. 

Where  heavy,  insoluble  minerals  are  involv- 
ed, a  liquid  of  specific  gravity  intermed- 
iate between  ore  and  waste  can  be  used  to 
make  the  separation  in  the  process  called  sink- 
float.  The  ore  need  be  broken  only  fine  enough 
to  separate  ore  minerals  from  waste,  and  in 


some  deposits  this  means  simple  screening  of 
the  material  as  it  comes  from  the  mine,  break- 
ing oversize  to  6  inches  or  more.  Low-grade 
barite  ores  have  been  economically  upgraded 
using  the  sink-float  process,  and  the  method 
has  found  application  in  upgrading  coal. 

Magnetic  Separation.  -Approximately  20 
ores  are  magnetic  enough  to  be  separated  by 
the  magnetic  process.  The  separation  can  be 
either  wet  or  dry.  In  one  wet  process,  magnetic 
drum  separators  are  used  to  lift  the  magnetic 
particles  from  a  stream  of  ore  pulped  with 
water.  In  a  typical  dry  process,  the  magnetic 
particles  are  lifted  from  the  moving  stream  of 
ore  by  a  fast  moving  magnetic  cross  belt. 

Extractive  Metallurgy 

Extractive  metallurgy  involves  the  recovery 
of  metals  and  metal  compounds  from  ores  and 
mineral  concentrates.  Pyrometallurgy,  hydro- 
metallurgy,  and  electrometallurgy  arethe  prin- 
cipal methods  involved.  As  these  names  imply, 
heat,  aqueous  solutions,  and  electric  current 
are  used  to  produce  metals  and  metallic  com- 
pounds of  sufficient  purity  for  the  market. 

Pyrometallurgy.— Electrical  energy  is  used 
or  fuels  are  burned  to  apply  sufficient  heat  in 
refractory-lined  furnaces  to  melt  the  charge  of 
ore  or  mineral  concentrate  in  the  pyro- 
metallurgical  process.  Some  minerals  are 
volatilized  at  elevated  temperatures  and  can  be 
recovered  by  distillation  from  kilns,  furnaces, 
and  retorts.  Other  metals  can  be  separated  by 
liquation,  using  differences  in  melting  point. 

Smelting  is  by  far  the  most  important  of 
the  pyrometallurgical  processes.  The  ore  and 
waste  minerals  are  heated,  altered,  fluxed,  or 
reduced  to  form  a  low-density  slag  and  one  or 
more  liquid  metals.  Only  high-grade  ores  or 
concentrates  can  be  smelted  because  of  the 
high  cost.  It  is  usually  necessary  to  further  re- 
fine the  metal  to  a  product  of  acceptable  purity. 

All  pyrometallurgical  operations  produce 
large  volumes  of  gas  containing  a  wide  variety 
of  vaporized  metals,  dust,  and  fumes.  Many 
smelters  are  large  centralized  installations  that 
have  gradually  evolved  over  the  years  at  some 
major  seaport,  rail  point,  or  other  shipping 
center.  Only  in  a  rare  situation  would  a  smelter 
be  planned  near  a  single  mining  operation  in  a 
region  with  relatively  poor  transportation 
facilities. 
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Hydromete//u/'gy.--Hydrometallurgical  pro- 
cesses selectively  dissolve  metals  from  ores 
and  concentrates,  resulting  in  recovery  of 
relatively  pure  metal.  Various  acids,  such  as 
sulfuric  acid,  and  alkaline  solvents,  suchasthe 
hydroxides  and  carbonates  of  sodium  or 
ammonium,  are  popular  in  leaching  ores. 
Sodium  and  calcium  cyanide  solutions  are 
widely  used  in  extracting  gold  and  silver  from 
precious  metal  ores. 

The  usual  technique  is  to  agitate  finely 
ground  ore  or  concentrate  in  open  vessels  at 
atmospheric  pressure.  Vat  leaching  percolates 
crushed  ore  bedded  in  large,  stationary,  rec- 
tangular, or  circular  containers.  There  is 
presently  much  interest  in  these  processes, 
because  many  ores  that  were  formerly  smelted 
may  be  treated  by  hydrometallurgy  with  far 
less  air  pollution  and  consumption  of  energy. 

Electrometallurgy. --Two  kinds  of  electro- 
metallurgical  processes  are  in  general  use  to- 
day. In  one,  the  electric  current  is  used  as  a 
source  of  heat;  in  the  other,  the  current  is  used 
in  electrolytic  depositon  on  cathodes.  Electri- 
cal heating  is  substituted  for  fuel  heating 
where  precise  control  of  temperature  is  re- 
quired, or  the  atmosphere  of  the  furnace  or 
purity  of  the  metal  is  of  concern. 

Electrolytic  processes  include  two  general 
methods,  one  using  an  aqueous  electrolyte, 
the  other  a  fused  salt  electrolyte  maintained 
at  high  temperature.  The  aqueous  electro- 
lyte method  is  widely  used  to  purify  metal 
produced  by  pyrometallurgical  methods. 


Wastes 

Some  high-grade  ore  deposits  are  so  mas- 
sive and  so  easily  distinguished  from  wall 
rock  that  they  can  be  removed  by  highly  se- 
lective mining  methods  underground.  A  mod- 
erate amount  of  waste  rock  produced  during 
development  of  haulageways  through  barren 
wall  rock  can  often  be  disposed  of  as  stope  fill 
with  the  result  that  there  are  no  large  waste 
dumps  at  the  surface.  More  often,  a  consider- 
able amount  of  barren  or  low-grade  material  is 
taken  from  the  mine  during  exploration  and 
development,  and  disposal  of  broken  waste 
rock  on  the  surface  is  a  major  problem. 


Mine  Wastes 

In  mountainous  terrain,  particularly  where 
development  is  by  adit  and  where  access  is  dif- 
ficult, waste  dumps  are  located  in  or  near  the 
stream  bottoms.  Normally,  waste  is  dumped 
just  beneath  the  level  of  the  adit  portal  or  shaft 
collar. 

Where  a  reservoir  may  be  desired  as  a  source 
of  water  for  mine,  mill,  and  townsite,  it  may 
be  possible  to  locate  the  mine  waste  dump  so 
as  to  impound  water.  Many  such  reservoirs 
have  become  important  recreational  assets  for 
employees  and  the  public. 

There  is  no  general  fixed  ratio  for  the  amount 
of  waste  produced  compared  to  ore,  but  in 
most  cases  it  is  less  than  1:1  waste:ore  in 
underground  mining  operations.  At  certain 
points  in  the  development  of  bulk  mining  op- 
erations, such  as  block  caving,  for  brief 
periods  virtually  all  of  the  material  taken  from 
the  mine  will  be  waste  rock.  Shafts  for  ore  haul- 
age systems  may  deliberately  be  laid  out  well 
away  from  the  ore  body  in  waste  rock  to  insure 
that  these  facilities  will  not  be  damaged  or 
destroyed  by  mining. 

Open  pit  operations,  such  as  phosphate  and 
copper,  produce  far  more  waste  rock  than 
underground  methods,  and  disposal  of  this 
material  is  a  major  aspect  of  the  operation.  It 
is  common  for  the  ratio  of  waste  to  ore  to 
exceed  1:1,  and  in  some  cases  10tons  or  more 
of  waste  are  removed  for  each  ton  of  ore  taken 
from  the  pit. 

In  the  large  view,  some  planners  see  major 
open  pit  mines  as  a  solution  to  the  surface 
disturbance  problem.  They  are  efficient  and 
highly  productive  of  metal,  concentrating  dis- 
ruption in  one  local  area  rather  than  having  the 
same  production  come  from  tens  or  hundreds 
of  smaller  operations  scattered  through  the 
region.  For  example,  in  Nevada,  one  small 
cluster  of  open  pit  copper  mines,  embracing 
an  area  of  several  square  miles,  has  produced 
more  copper  and  molybdenum  than  all  of  the 
other  mines  in  the  State  combined,  by  a  very 
wide  margin. 

As  in  other  kinds  of  surface  reclamation,  it  is 
usually  much  more  economic  to  plan  the  best 
waste  disposal  before  the  material  is  placed. 
Satisfactory  solutions  can  often  be  worked  out 
beforehand  at  an  acceptable  increase  in 
operating  cost,  particularly  where  the  solution 
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can  be  coordinated  with  other  phases  of  the 
operation,  such  as  providing  a  superior  yard 
facility  for  the  machine  shops  or  better  layout 
of  a  mine  dump  leaching  operation. 

There  is  a  certain  amount  of  noise  pollution 
in  drilling,  blasting,  movement  of  large  equip- 
ment, and  the  operation  of  air  compressors, 
powerplants,  crushers,  and  mills.  This  noise 
usually  affects  only  the  people  in  the  im- 
mediate area  of  the  mine  and  mill,  who  are 
employees  of  the  operation.  Most  mine  opera- 
tors are  attempting  to  reduce  noise  wherever 
possible,  in  line  with  recent  industrial  safety 
studies,  which  show  that  worker  fatigue  can 
result  from  noisy  environments. 

The  water  draining  from  newly  opened  or 
abandoned  mines  can  have  a  major  impact  up- 
on the  environment  downstream.  Solid  partic- 
ulate matter  may  be  introduced  in  sizes  rang- 
ing from  fine  silt  to  sand,  and  consisting  of 
relatively  inert  material,  although  chemical  re- 
actions may  convert  some  or  all  of  it  to  more 
soluble  chemical  compounds.  Radioactive 
material  may  be  involved  in  some  cases,  and 
organics  may  be  introduced  into  surface 
waters.  Mine  waters  are  often  "acid"  because 
of  the  common  association  of  the  iron  sulphide 
pyrite  with  most  metal  ores  and  many  solid 
fuels.  Pyrite,  as  well  as  a  number  of  other  ore 
and  gangue  minerals,  rapidly  decomposes 
when  broken  and  in  contact  with  moisture  and 
air,  producing  sulphuric  acid.  This  chemical 
reaction  proceeds  spontaneously,  and  the  acid 
mine  water  then  has  the  ability  to  take  other 
pollutants  into  solution. 

Mines  where  broken  or  ground  pyritic 
material  has  been  used  as  stope  fill  are  par- 
ticularly likely  to  produce  acid  water;  it  is 
possible  to  minimize  this  to  some  extent  by 
shutting  off  this  portion  of  the  mine,  or  other- 
wise keeping  the  supply  of  oxygen  and  mois- 
ture from  these  areas.  Alternatively,  a  mine  can 
be  partially  or  entirely  flooded  with  water  to 
eliminate  oxygen. 

When  it  becomes  necessary  to  reopen  old 
mines,  they  are  often  found  to  be  partially 
flooded  with  acid  water  containing  much  dis- 
solved material.  It  may  be possibleto gradually 
release  such  water  into  surface  drainage 
during  the  runoff  season.  Sudden  release 
during  low  water  would  cause  major  environ- 
mental damage.  It  is  sometime?  possible  to 


treat  mine  water  by  various  processes  before 
releasing  it,  as  for  example  neutralization  of 
acid  by  using  lime  or  caustic  soda.  Mine  water 
may  be  used  directly  in  the  mill  boilers,  where 
it  may  be  recycled  to  further  reduce  contam- 
ination of  surface  water. 

Some  mine  water  is  of  sufficiently  good 
quality  to  become  an  important  local  source 
and  environmental  asset. 

Mill  Wastes 

Because  most  mill  wastes  are  finely  ground 
and  are  moved  to  disposal  areas  in  a  water 
slurry,  particular  problems  are  encountered 
with  the  environment.  In  many  milling  opera- 
tions the  ore  constitutes  only  a  small  portion  of 
the  material  recovered  as  concentrate.  For 
example,  only  2  or  3  percent  of  the  weight  of 
ore  in  a  low-grade  copper  mine  ends  up  as  con- 
centrate. The  97  to  98  percent  waste  must  be 
disposed  of  as  mill  tailings,  which  are  directed 
through  ditches,  launders,  and  pipesystemsto 
pond  disposal  areas  downhill  from  the  mill.  In 
some  cases,  mill  tailings  can  be  classified  and 
returned  underground  to  be  nozzled  under 
pressure  as  stope  fill. 

Mill  tailing  ponds  are  usually  impounded 
behind  embankments  built  from  the  tailing 
material  itself.  Sometimes  it  is  necessary  to  in- 
stall drainage  systems  beneath  the  dam  and 
pond  area  to  facilitate  drainage  where  the 
natural  ground  is  not  sufficiently  porous.  The 
site  should  be  selected  so  that  surface  water 
cannot  erode  the  toe  of  the  embankment.  It  is 
usually  necessary  to  construct  a  catchment 
pond  downstream  from  the  embankment  to 
collect  seepage  water  and  tailings  eroded  from 
the  face  of  the  embankment.  Decant  systems 
take  off  the  water  after  solids  have  separated, 
and  the  floor  of  the  pond  gradually  rises  as 
disposal  continues.  A  major  threat  to  the  tail- 
ings pond  is  overflow  of  the  embankment  due 
to  flooding  in  the  drainage  system  above  the 
tailings.  Abandoned,  poorly  designed  tailings 
ponds  are  quite  troublesome  in  this  regard, 
particularly  where  no  attempt  was  made  to 
stabilize  the  surface,  or  to  divert  surface  water 
away  from  the  area. 

When  the  surface  of  an  unstabilized  tailings 
pond  is  allowed  to  dry,  major  pollution  of  the 
nearby  area  can  occur  when  fine  particles  are 
picked  up  by  the  wind.  Proper  location,  design, 
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and  operation  of  the  disposal  system  mini- 
mizes some  of  the  difficulties.  Again,  old  aban- 
doned tailings  are  often  a  major  problem. 

Dissolved  metals  and  salts,  in  highly  toxic 
solutions,  are  sometimes  found  leaching  from 
mill  tailings.  Modern  practice  is  to  remove  this 
material  where  it  is  at  all  feasible  to  do  so. 

Miscellaneous  Junk 

In  many  of  the  old  mining  camps  of  the  West, 
every  trace  of  former  mining  activity  has  been 
removed  by  scavengers  to  the  point  that  the  ex- 
act position  of  somesmall  districts  of  historical 
record  can  no  longer  be  found  with  certainty. 
In  some  areas  of  more  recent  activity,  for  ex- 
ample the  gold  mines  of  the  1930's  and  tung- 
sten mines  of  the  1950's,  the  mine  buildings 
and  equipment  are  less  romantic,  gradually 
having  fallen  into  a  state  of  vandalized  disre- 
pair that  in  every  way  qualifies  them  as  the 
prime  local  eyesore.  Eventually,  all  of  the  iron 
will  be  taken  for  scrap,  the  tanks  appropriated 
by  local  ranchers  and  farmers,  and  the  wood 
and  galvanized  sheeting  hauled  away.  In  the 
meantime,  there  is  often  little  that  can  be  done 
to  quickly  clean  up  these  areas,  unless  some 
local  regulation  permits  them  to  be  classified 
as  esthetic  nuisances  or  safety  hazards. 

If  a  considerable  amount  of  junk  has  been 
left  in  a  district  or  group  of  districts,  it  may  be 
possible  to  arrange  for  outside  scrap  collectors 
to  make  contact  with  the  owners  for  a  bid 
on  salvage.  Caution  should  be  exercised,  how- 
ever, for  these  old  facilities  sometimes  are  clas- 
sified as  genuine  antiquities  at  about  50  years 
of  age,  and  public  sentiment  may  be  very  much 
divided  as  to  the  merit  of  removal. 

In  presently  operating  mines,  or  newly  plan- 
ned operations,  it  is  possible  to  insure  removal 
of  the  surface  plant  and  equipment.  There  are 
problems,  however,  with  the  law  insofar  as  the 
rights  to  structures  on  lands  optioned  or  leased 
from  private  individuals  that  may  for  one  rea- 
son or  another  revert  to  original  ownership. 


Roads 

In  most  cases,  where  public  funds  are  used 
for  road  construction  and  maintenance,  the 
public  may  have  some  use  of  the  roads.  This 
may  abruptly  terminate  at  the  mine  property 


boundary,  and  a  gatekeeper  may  allow  entry 
only  to  company  employees  or  people  having 
legitimate  business  on  the  property.  There  are 
a  number  of  reasons  why  mining  companies  do 
not  permit  people  to  enter  the  property  at  will. 
An  unsuspecting  tourist  could  easily  drive  off 
an  open  pit  bench,  fall  into  a  tank  full  of  so- 
lution, or  become  involved  in  any  one  of  a  hun- 
dred other  industrial  hazard  situations.  Expo- 
sure to  public  liability  alone  is  enough  to  make 
most  companies  enclose  the  mine  and  mill 
area  in  chain  link  fence. 

Many  companies  recognize  the  damage  to 
their  public  image  when  the  typical  curious 
tourist  may  suddenly  be  confronted  with  a  curt 
rebuff  at  the  end  of  a  well-traveled  and  main- 
tained road,  and  thought  is  usually  given  to 
minimizing  the  effect.  Most  open  pit  operators 
arrange  guided  tours  or  self-guided  vantage 
points  where  the  visitor  can  gain  a  clear  per- 
ception of  the  mine  operation,  yet  stay  at  a  dis- 
tance where  he  will  not  be  in  the  way  or  ex- 
posed to  any  risk.  Mine  tours  and  viewpoints 
engender  a  great  amount  of  good  will  for  the 
mining  industry,  and  go  a  long  way  toward 
eliminating  a  potential  source  of  friction  be- 
tween mine  operator  and  the  public. 

Many  mine  operators  recognize  that  facili- 
ties such  as  reservoirs,  or  the  drainage  system 
behind  them,  that  provide  water  for  mine,  mill, 
and  townsite  have  a  considerable  recreational 
potential  for  employees.  Because  local  fish 
and  game  authorities  will  not  usually  stock  or 
manage  game  on  private  lands  from  which  the 
public  has  been  excluded,  and  because  of  prob- 
able adverse  public  opinion  if  the  areas  are 
restricted  to  employee  use,  such  recreational 
areas  are  often  opened  to  the  public,  with  the 
normal  restrictions  of  a  private  landowner. 
More  than  the  usual  number  of  signs  caution- 
ing potentially  hazardous  situations  are  post- 
ed, because  of  the  private  landowner's  expo- 
sure to  possible  liability.  Companies  have  been 
known  to  subsidize  or  entirely  finance  boat 
landings,  beaches,  parks,  camping  facilities, 
and  ski  lifts  and  lodges,  and  have  been  involved 
in  game  management  programs,  such  as 
stocking  of  fish  and  reintroduction  of  game 
animals,  where  such  projects  would  not  be 
economically  sound  for  a  private  individual. 

The  public  is  allowed  use  of  mine  access 
roads  to  recreational  areas.  There  are  some- 
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times  unusual  traffic  controls,  rights-of-way, 
and  traffic  movement  patterns.  One-way  traffic 
may  be  necessary  at  certain  times  on  narrow 
roads  where  large  off-highway  units  are  used. 
Water  trucks  may  dissipate  dust  almost  con- 
tinuously to  improve  driving  safety  and  to  re- 
duce wear  on  truck  bearings  and  engines.  On 
unsurfaced  haulage  roads  where  large  trucks 
are  used,  the  traffic  flow  is  often  directed  so 
that  loaded  trucks  are  against  the  hill  rather 
than  out  on  the  bank,  where  the  weight  of  the 
load  may  break  the  edge  of  the  road  down,  and 


where  the  driver  might  experience  difficulty  if 
he  were  to  suddenly  lose  control.  This  results 
in  a  considerable  amount  of  travel  on  the  left 
side  of  open  pit  haul  roads. 

When  a  road  has  been  constructed  by  the 
Forest  Service  for  Forest  purposes,  the  miner 
who  desires  to  use  it  may  be  required  to  share 
the  cost  of  maintenance,  based  perhaps  upon  a 
ton  per  mile  fee  for  the  miner's  proportional 
use  of  the  road.  The  miner  may  be  required  to 
maintain  or  help  to  maintain  such  a  road  in  the 
condition  it  was  originally  designed  for. 


RECLAMATION 


There  is  a  widespread  public  feeling  that  the 
mining  industry  has  defaced  vast  areas;  this 
belief  probably  in  part  originates  because 
roads  and  other  transportation  facilities  are 
well-developed  in  established  mining  areas. 
The  area  affected  by  mining  is  about  a  sixth 
that  devoted  to  highways,  and  is  approximately 
equal  to  that  used  for  airports  in  this  country. 
In  terms  of  benefit  to  the  Nation,  mining  is  es- 
sential and  in  all  fairness  modern,  well-planned 
and  operated  mines  are  not  the  despoilers 
many  believe  them  to  be. 

Over  the  years,  the  increased  size  and  ef- 
ficiency of  powered  excavation  equipment  and 
improved  drilling  and  blasting  techniques  have 
resulted  in  very  low  cost  mining  operations.  As 
the  individual  and  total  number  of  these  bulk 
mining  operations  have  grown,  so  has  public 
interest  in  reclamation  of  the  surface  disturb- 
ance resulting  from  them.  Many  States  now  re- 


quire land  reclamation  as  an  integral  part  of 
mine  planning.  A  large  percentage  of  mined 
land  is  now  being  reclaimed,  or  at  least  par- 
tially reclaimed  to  an  acceptable  condition. 

Extensive  research  is  being  conducted  by 
mining  companies,  several  Government  agen- 
cies, including  the  Forest  Service  through  its 
SEAM  program,  and  university  scientists  on 
the  many  technical  facets  of  reclamation.  Re- 
sults are  being  shown  at  demonstration  areas, 
and  are  being  rapidly  incorpoated  into  mine 
planning  and  continuing  operations. 

This  brief  chapter  makes  no  attempt  to  dis- 
cuss the  many  technical  facets  of  reclamation. 
Rather,  it  briefly  presents  several  general 
concepts. 

Satisfactory  reclamation  should  emphasize 
three  major  objectives: 

1.  The  productivity  of  the  reclaimed  land 
should  at  least  equal  that  of  the  premine  sur- 
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face.  This  does  not  necessarily  mean  that  the 
site  must  be  restored  to  an  approximation  of  its 
original  condition,  or  that  surface  uses  after 
mining  will  be  the  same  as  those  existing  prior 
to  mining.  For  example,  an  area  used  for  mar- 
ginal grazing  prior  to  mining  may  be  changed 
to  a  useful  and  attractive  recreational  complex, 
or  perhaps  in  another  case  to  a  housing  area. 

2.  Satisfactory  reclamation  should  leave  the 
mined  area  in  a  condition  that  wiir  not  contri- 
bute to  environmental  degradation  either  in  the 
form  of  air-  or  water-borne  materials,  or  from 
chemical  pollution. 

3.  The  reclaimed  area  should  be  esthetically 
acceptable  and  it  should  be  safe  for  the  uses 
intended. 

Reclamation  goals  must  not  only  be  techni- 
cally feasible,  they  must  be  economically  at- 
tainable. In  some  cases  restoration  to  the  ori- 
ginal contour  is  not  practical.  Forexample,  in  a 
major  open  pit  copper  operation,  500  million 
tons  of  ore  are  mined  and  senttothe  mill,  and  a 
billion  tons  or  more  of  overburden  will  be  pla- 
ced on  waste  dumps.  Milling  will  result  in  al- 
most 500  million  tons  of  tailings,  and  10  to  15 
million  tons  of  concentrate  that  will  beshipped 
to  the  smelter,  and  from  which  5  million  tons  of 
copper  metal  will  be  recovered.  The  excavation 
of  a  billion  and  a  haif  tons  will  leave  a  hole 
nearly  a  cubic  mile  in  size.  Using  presently 
available  mining  methods,  particularly  at 
mines  already  partially  developed,  it  is  not  pos- 
sible to  economically  replace themineand  mill 


wastes  and  to  restore  the  surface  to  anything 
like  the  original  contour.  Planning  must  take 
the  reality  of  the  situation  into  account  and  aim 
toward  possible  ultimate  benefit  to  be  derived 
from  a  surface  configuration  much  different 
than  prior  to  mining. 

There  are  no  cut  and  dried  standard  formu- 
las for  accomplishing  reclamation.  Almost 
every  case  differs  and  is  influenced  not  only  by 
natural  variables  such  as  climate  and  the  ma- 
terial to  be  worked  with,  but  by  social  variables 
such  as  the  laws  of  the  particular  State  where 
the  operation  is  located,  the  ownership  of  the 
land,  and  the  goals  the  public  may  wish  to  see 
pursued  through  reclamation.  In  addition,  the 
operator's  requirements  as  to  methods  of  min- 
ing and  timing  will  affect  the  final  decision  con- 
cerning specific  prescriptions  for  reclamation. 

Mining  companies  now  generally  have  ex- 
pertise available  for  planning  reclamation. 
Land  managers  can  be  of  assistance  by  partici- 
pating in  the  planning  process  and  by  contrib- 
uting technical  knowledge  where  possible 
and  where  needed.  Assistance  often  can  be 
given  on  specific  information  such  as  plant  and 
wildlife  species,  seeding  methods,  laborsourc- 
es,  and  plant  material  sources.  The  final  de- 
cisions on  reclamation  will  most  often  be  the 
result  of  the  combined  contributions  from 
many  sources,  both  public  and  private.  Rec- 
lamation ideally  is  just  another  end  result  of 
thorough  mine  planning. 


69 


Headquarters  for  the  Intermountain  Forest  and  Range 
Experiment  Station  are  in  Ogden,  Utah.  Field  pro- 
grams and  research  work  units  are  maintained  in: 
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Bozeman,  Montana  (in  cooperation  with  Montana 
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Logan,  Utah  (in    cooperation    with    Utah    State 

University) 
Missoula,  Montana  (in  cooperation  with  University 

of  Montana) 
Moscow,  Idaho  (in  cooperation  with  the  University 

of  Idaho) 
Provo,  Utah  (in  cooperation  with  Brigham  Young 

University) 
Reno,  Nevada  (in  cooperation  with  the  University 

of  Nevada) 
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INTRODUCTION 


The  mountain  pine  beetle,  Dendroctonus 
ponderosae  Hopkins,  presents  the  most  seri- 
ous threat  to  growing  lodgepole  pine,  Pinus 
contorta  var.  latifolia  Engelmann,  for  saw- 
timber  and  maintaining  it  for  other  purposes, 
including  esthetics.  Populations  of  the  beetle 
periodically  increase  and  kill  most  of  the 
trees  of  large  diameter  in  a  forest  before  sub- 
siding. The  frequency  of  epidemics  appears  to 
be  directly  related  to  site  quality,  with  stands 
on  better  sites  growing  into  a  susceptible 
state  more  rapidly  than  those  on  poor  sites. 
Specifically,  frequency  and  intensity  of 
beetle  epidemics  are  related  to  age,  diameter 
distribution,  phloem  thickness  distribution, 
and  elevation  and  latitude  of  the  stand.  Al- 
though these  are  by  no  means  all  the  factors 
that  affect  the  mountain  pine  beetle,  they  are 
the  most  important  identified  so  far  as  in- 
fluencing beetle  populations  and  subsequent 
tree  losses. 

The  objectives  of  these  guidelines  are  to 
describe  habits  of  the  beetle  in  lodgepole  pine 
forest  and  to  present  some  alternatives  that 
land  managers  could  use  to  reduce  beetle- 
caused  losses.  There  is  no  single  answer  to 
nor  is  there  a  sure  cure  for  the  mountain  pine 
beetle  problem  because  biological  conditions 
vary  and  (most  important)  management  ob- 
jectives differ.  At  one  time,  direct  attempts 
were  undertaken  to  reduce  beetle  populations 
over  large  areas.  These  control  efforts  in- 


cluded treating  felled  and  standing  trees 
either  by  burning  or  by  spraying  with  toxic 
chemicals.  However,  such  methods  have  not 
effectively  prevented  subsequent  tree  losses 
in  large  outbreaks,  primarily  because  the 
stand  conditions  that  permit  beetle  popula- 
tions to  increase  have  not  changed.  Harvest- 
ing infested  trees  prior  to  brood  emergence 
also  has  been  tried  to  control  beetle  popula- 
tions. Although  this  method  was  no  more  suc- 
cessful than  the  other  methods,  it  at  least  uti- 
lized a  resource  that  otherwise  might  have 
been  lost.  Our  guidelines  suggest  alternatives 
that  range  from  "do  nothing"  to  clearcutting 
a  stand,  depending  upon  management's  ob- 
jectives. 

To  date,  all  research  and  development  work 
with  the  mountain  pine  beetle  and  its  host 
has  been  in  unmanaged  stands.  The  associa- 
tion of  the  beetle  to  its  host  in  managed 
stands-stands  that  are  manipulated  to  grow 
at  or  near  optimum  site  capacity-is  un- 
known. Lodgepole  stands  managed  early  and 
growing  near  optimum  capacity  will  produce 
trees  of  large  size  early  and,  it  is  conceivable 
that  under  this  influence,  these  fast-growing 
trees  may  be  less  vulnerable  to  the  beetle  and 
may  incur  less  damage  than  trees  of  similar 
size  in  an  unmanaged  state.  Research  is  lack- 
ing but  badly  needed  in  this  concept.  These 
guidelines  then  are  applicable  only  to  un- 
managed lodgepole  pine  stands. 


THE  MOUNTAIN 
PINE  BEETLE- 
LODGEPOLE  PINE 
INTERACTION 


Life  Cycle 
of  the  Beetle 

The  mountain  pine  beetle  usually  has  a  sin- 
gle generation  per  year  in  lodgepole  pine.  New 
adults  (fig.  1 )  emerge  and  infest  living  trees  in 
July  and  August.  Some  years,  emergence  and 
infestation  continue  into  September  (fig.  2 
and  3). 


Vertical  egg  galleries  are  constructed  in  the 
inner  bark  and  eggs  are  laid  on  both  sides  of 
the  galleries  (fig.  4).  Larvae  feed  in  the  inner 
bark  at  right  angles  to  the  gallery  and  girdle 
the  tree  (fig.  5).  Larvae  overwinter  and  re- 
sume development  in  the  spring.  Other 
stages  of  the  beetle  are  usually  not  hardy 
enough  to  survive  winter  temperatures.  De- 
velopment is  usually  completed  by  midsum- 
mer (fig.  6  and  7). 
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Figure  1.-- Adult  mountain  pine  beetles  are  dark  brown  to  black  and  average  about  one-fifth 
of  an  inch  in  length. 


Figure  2.~Pitch  tubes  on  newly  infested  trees 
range  in  color  from  dark  reddish  orange  to 
cream;  they  consist  of  pitch  and  particles 
of  bark  expelled  from  the  egg  gallery  by 
beetles. 

Considerable  variation  may  occur  in  the 
life  cycle  depending  upon  local  climatic  con- 
ditions. For  example,  at  low  elevations,  some 
beetles  may  complete  a  gallery,  then  emerge 
from  the  tree,  and  attack  a  second  tree.  At 
high  elevations,  attacks  may  occur  late  in  the 
summer  but  because  of  cool  temperatures 
most  eggs  may  fail  to  hatch.  Larvae  from 
eggs  that  do  hatch  in  the  fall  may  require  2 
years  to  become  adults,  emerge,  and  infest 
trees. 

Parent  beetles  introduce  several  species  of 
blue-stain  fungi  that  invade  the  xylem.  The 
fungi  impede  water  conduction.  Trees  having 
well-developed  blue  stain  tend  to  dry  more 
rapidly  during  the  fall  of  the  year  of  attack, 
but  remain  more  moist  the  following  summer 
than  trees  having  poorly  developed  blue  stain 
(fig.  8).  Moisture  regulation  by  the  fungi  ap- 
pears to  be  beneficial  to  developing  beetles. 

In  Canada,  resistance  to  beetle  infestation 


Figure  3.--Orange-  to  cream-colored  particles 
of  bark  and  wood  in  crevices  and  at  the 
base  indicate  the  tree  has  been  infested 
and  killed  by  beetles. 


has  been  equated  to  the  tree's  response  to  ar- 
tificial infections  of  blue-stain  fungi.  Trees 
that  respond  to  such  infections  with  a  copious 
flow  of  resin  are  considered  more  resistant 
than  trees  that  respond  with  a  light  resin 
flow.  Resistant  trees  tend  to  be  those  having 
thick  phloem.  When  infested,  such  trees  pro- 
duce large  numbers  of  beetles  and  are  neces- 
sary to  foster  large  epidemics  of  the  beetle. 
Trees  that  are  easily  infected  with  blue-stain 
fungi  are  also  easily  killed  by  the  beetle;  since 
these  are  usually  trees  having  thin  phloem, 
they  would  be  expected  to  produce  few 
beetles. 

The  needles  of  infested  trees  change  from 
green  to  a  yellowish-green  in  the  spring  and 
finally  to  a  bright  orange  by  July  (fig.  9)  when 
the  new  brood  is  ready  to  emerge  from  the 
tree.  Tree  losses  can  be  approximated  rapidly 
by  estimating  the  numbers  of  dead  trees  from 
aerial  surveys. 


Figure  4.--Vertical  egg  galleries  are  made  in  the  bark;  eggs  are  laid  in  the  phloem 

on  alternate  sides  of  the  gallery. 
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Figure  5.~The  white-  to  cream-colored  larvae  usually  feed  at  right  angles  to  the  egg  gallery 
and  girdle  the  tree.  Average  length  of  larvae  is  one-fourth  inch. 


Figure  6.-  White-  to  cream- colored  pupae  are  found  in  oval  cells  made  by  mature  larvae. 
Average  length  of  pupae  is  one-fifth  inch. 


Figure  7. -New  adults  are  light  brown  to  yellow  (callow),  turning  almost  black  before  emerging. 
Blue-stain  fungi  can  be  seen  along  the  edge  of  the  pupal  cell  containing  the  beetle  on  the 
left.  Fungal  spores  are  picked  up  by  the  adults  when  they  feed  prior  to  emerging  and 
infesting  a  green  tree.  Average  length  of  adults  is  one-fifth  inch. 


Figure  8. -Blue-staining  fungi,  carried  into  the  bark  by  the  beetles,  discolor  the  sapwood. 

A.  Well-developed  blue  stain  usually  is  uniformly  distributed  throughout  the  sapwood. 

B.  Poorly  developed  blue  stain  usually  is  unevenly  distributed  in  the  sapwood. 
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Figure  9.~Needles  of  infested  trees  usually  change  to  a  bright  orange  by  July  when  the  new 

brood  is  ready  to  emerge  from  the  tree. 


Diameter 
Distribution 

The  mountain  pine  beetle  kills  proportion- 
ately more  large-  than  small-diameter  trees. 
Losses  range  from  a  small  proportion  of  trees 
4  inches  d.b.h.  to  a  large  proportion  of  trees 
over  10  inches  d.b.h.  (fig.  10).  Beetles  prefer  the 
largest  green  trees  left  in  the  stand  each  year 
as  the  infestation  progresses  (fig.  11).  After 
the  beetles  have  killed  most  large-diameter 
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Figure  10. -The  mountain  pine  beetle  kills  pro- 
portionately more  large-  than  small-diam- 
eter trees  during  an  infestation. 


1  2 

YEAR  OF  INFESTATION 
Figure  11. --The  beetle  usually  kills  the  largest 
remaining  green  trees  during  each  suc- 
cessive year  of  a  major  infestation. 


trees,  they  infest  some  of  the  remaining 
small-diameter  trees.  Few  beetles  mature  and 
emerge  from  these  small  trees;  so  the  popula- 
tion declines.  Beetle  production  is  low  in  such 
trees  because  of  the  thin  phloem  and  exces- 
sive drying  of  the  tree. 


Phloem 
Thickness 


Phloem  is  the  food  of  developing  larvae. 
The  amount  of  phloem  is  one  of  the  most  im- 
portant factors  determining  the  number  of 
larvae  that  will  complete  development,  be- 
come adults,  emerge  to  attack  new  trees,  and 
establish  the  next  generation  (fig.  12).  On  the 
average,  the  thicker  the  phloem  (fig.  13),  the 
greater  will  be  the  ratio  of  brood  adults  to  par- 
ents that  infested  and  killed  the  trees  (fig.  14). 
This  ratio  will  vary  according  to  site  quality 
and  stand  density  as  these  factors  affect 
phloem  thickness. 


80  r 


70 


60 


50 


40 


30 


20 


-\V-«— 

008 


0.10     0.12     0  14     0.16     0.18     0.20    0.22     0.24 
PHLOEM  THICKNESS(lnch) 


Figure  12. -Beetle  production  is  directly  re- 
lated to  thickness  of  the  phloem  layer  of 
the  infested  tree. 


Tree  Age 


Infestations  of  the  beetle  seldom  develop  in 
stands  less  than  60  years  of  age.  This  is  par- 
tially due  to  trees  being  of  small  size  and  gen- 
erally having  thin  phloem.  The  more  resin- 
ous phloem  frequently  found  in  these  trees 
may  also  be  a  contributing  factor.  Trees  less 
than  60  years  old,  may  be  infested,  but  when 
they  are,  there  is  only  slight  danger  that  the 
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Figure  13. --Phloem  is  usually  thicker  in  large- 
diameter  trees  than  in  small-diameter 
trees. 
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Figure  14. -Generally,  the  larger  the  tree,  the 
larger  is  the  ratio  of  brood  adults 
(emerging)  to  parents  attacking  and 
killing  the  tree. 


outbreak  will  develop  to  epidemic  propor- 
tions. In  the  60  to  80  year  category,  a  larger 
proportion  of  the  trees  have  reached  diame- 
ters conducive  to  more  severe  and  sustained 
beetle  infestation.  In  these  trees,  phloem  is 
thicker  and  its  physical  and  perhaps  chemi- 
cal characteristics  are  better  for  beetle  de- 
velopment. Stands  more  than  80  years  of  age 
present  the  greatest  potential  for  beetle  infes- 
tation. Stands  having  a  large  proportion  of 
large-diameter  trees  with  thick  phloem  are 
most  likely  to  be  infested  and  will  suffer  pro- 
portionately greater  losses. 

Stand  Density 

Density  of  stands  affects  growth  rate  of 
trees,  and  hence  phloem  thickness.  Gener- 
ally, stands  having  the  lowest  density  have 
the  greatest  proportion  of  large-diameter 
trees  with  thick  phloem  (fig.  15).  Because  the 
average  phloem  thickness  is  greater,  beetle 
production  will  be  greater  in  trees  of  each  diam- 
eter class  in  the  more  open  stands  (fig.  16). 
Consequently,  losses  in  these  stands  will  be 
proportionately  greater  than  those  in  dense 
stands. 
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Figure  15. -Trees  in  dense  stands  have  thinner 
phloem  than  those  in  open  stands. 


0.20  0.15  0.10 

BARK  THICKNESS  (Inch) 


0.05 


Figure  16.~Beetle production  is  less  in  trees  of 
dense  stands.  Such  trees  have  thinner 
bark  and  lower  average  phloem  thickness. 
Generally,  as  total  bark  thickness  in- 
creases, phloem  thickness  also  increases. 

Elevation  and 
Latitude 

With  increased  elevation,  tree  losses  to  the 
mountain  pine  beetle  decline  (fig.  17).  The 
cool  climate  of  high  elevations  so  slows  beetle 
development  that  2  years  may  be  required  for 
most  of  the  population  to  complete  a  single 
generation.  During  these  long  developmental 
periods,  beetle  mortality  is  greater,  thus  re- 
ducing populations  more  than  when  a  gener- 
ation is  completed  in  a  single  year.  Slowing  of 
development  frequently  results  in  beetles 
emerging  in  late  summer.  Because  of  the  late 
establishment  of  egg  galleries  many  eggs  fail 


to  hatch  before  winter.  These  eggs  are  killed 
by  cold  temperatures.  In  assessing  the  effect 
of  temperature  on  the  beetle  and  its  potential 
to  kill  trees,  both  elevation  and  latitude  of  the 
lodgepole  pine  stand  must  be  considered. 
Hopkins'  Bioclimatic  Law1  has  general 
application. 
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Figure  17. -Tree  survival  from  beetle  infesta- 
tion is  directly  related  to  elevation.  These 
data  obtained  at  44°  N.  lat.,  110°  W.  long. 


'Hopkins'  Bioclimatic  Law  states  that  variation  in  sea- 
sonal development  and  habits  of  plants  and  animals  at 
different  geographical  positions  within  the  range  of  their 
distribution  is  at  the  rate  of  4  days  for  each  degree  of  lati- 
tude, 5  degrees  of  longitude,  or  400  feet  of  elevation. 
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PREDICTING 

STAND 

SUSCEPTIBILITY 


Elevation  and  latitude,  age,  and  average 
d.b.h.  are  used  in  these  guidelines  to  predict 
stand  susceptibility.  Phloem  has  not  been  in- 
cluded as  one  of  the  variables  even  though 
it  is  of  primary  importance  in  beetle  produc- 
tion at  low  to  middle  elevations.  However, 
phloem  thickness  is  generally  related  to 
d.b.h.  in  any  given  stand  of  trees  and  d.b.h.  is 
easier  to  measure. 

In  order  to  be  susceptible  to  a  beetle  epi- 
demic, a  lodgepole  pine  stand  must  be  located 
at  an  elevation  and  latitude  where  climate  is 
favorable  to  the  beetle.  A  general  model  for 
determining  if  a  stand  lies  within  a  zone  of 
potentially  heavy,  moderate,  or  light  risk  to 
beetle  infestation  is  presented  in  figure  18. 
Even  if  a  lodgepole  pine  is  in  an  elevation  and 
latitude  zone  of  potentially  heavy  beetle  dam- 
age, the  stand  must  meet  other  requirements 
for  the  beetle  to  be  successful.  In  general, 
stand  age  must  be  80  years  or  more,  and  the 
average  d.b.h.  of  a  stand  for  trees  5  inches 
and  larger  must  exceed  8  inches. 

By  multiplying  the  following  risk  factors 
(1  =  low;  2  =  moderate;  3  =  high)  for  elevation 
and  latitude,  average  age,  and  average  d.b.h., 
the  stand's  susceptibility  classification  is  ob- 
tained; low  =  1  to  9;  moderate  =  12  to  18;  high 
=  27. 
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Figure  18. -Risk  of  mountain  pine  beetle  in- 
festation in  lodgepole  pine  can  be  defined 
by  zones  of  elevation  and  latitude.  Per- 
cent mortality  is  for  trees  8.5  inches  d.b.h. 
and  larger. 

For  example,  when  the  risk  factors  for  a 
high  elevation  stand  (risk  of  1)  more  than  80 
years  old  (risk  of  3)  with  an  average  d.b.h.  of 
9  inches  (risk  of  3)  are  multiplied  (1x3*3=9), 
the  stand  has  a  low  index  for  beetle  infesta- 
tion and  tree  loss  because  of  its  elevational 
location.  But,  a  stand  at  a  low  elevation  (3) 
with  an  average  age  of  80  (3)  and  an  average 
d.b.h.  of  8.5  (3)  has  a  high  index  (3x3*3=27)  for 
infestation  and  subsequent  tree  loss. 

The  categories  for  elevation  and  latitude, 
average  age,  and  average  d.b.h.  have  been 
broadly  defined.  With  additional  surveys  of 
infested  stands,  damage  categories  may  be 
more  precise  and  perhaps  additional  ones 
added. 
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REDUCING 
LOSSES  TO  THE 
BEETLE 


Stands  that  show  a  high  probability  of  in- 
festation and  subsequent  loss  to  the  beetle 
can  be  dealt  with  in  several  ways,  depend- 
ing upon  land-use  objectives. 


Where  Timber  Values 
Are  Primary 

1.  Recognizing  that  the  beetle  concen- 
trates heavily  on  trees  of  large  diameter,  con- 
tinuous lodgepole  pine  forests  can  be  broken 
up  into  small  patch  cuts,  which  will  result  in 
different  age  and  size  classes  and  so  reduce 


the  area  likely  to  be  infested  at  any  one  time. 
Then,  when  a  patch  reaches  high-risk  condi- 
tions, all  trees  on  the  patch  can  be  harvested 
immediately. 

By  using  a  model  to  predict  growth  of  lodge- 
pole  pine  in  any  given  stand,  the  manager 
can  determine  when  stands  of  different  ages 
will  reach  age  and  size  distributions  con- 
ducive to  beetle  epidemics.  Plans  for  harvest 
can  be  made  many  years  in  advance. 

2.  Since  the  beetle  shows  preference  for 
trees  of  large  diameter,  partial  cuts  directed 
at  such  trees  will  greatly  reduce  infestation 
potential  (fig.  19).  Removal  of  most  trees  8 
inches  d.b.h.  and  larger  would  "beetleproof" 


Figure  19. -Removal  of  large-diameter  trees  will  reduce  the  infestation  index  and,  consequently, 

tree  losses  to  the  mountain  pine  beetle. 
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most  stands.  However,  when  partial  cuts  are 
to  be  used,  the  residual  stand  should  have 
enough  physically  vigorous  trees  to  maintain 
stocking  and  stand  productivity. 

Partial  cutting  may  not  be  the  best  method 
to  handle  beetle  problems  in  understocked 
stands.  In  such  stands,  a  large  proportion  of 
trees  in  diameter  classes  of  less  than  8  inches 
may  have  thick  phloem.  In  those  trees,  beetle 
production  may  continue  to  be  high  enough 
to  maintain  the  infestation,  resulting  in  con- 
siderable tree  mortality.  Clearcutting  and 
regenerating  the  stand  may  be  the  best  meth- 
od of  handling  high-risk  understocked 
stands. 

Problems  associated  with  partial  cuts  in 
some  stands  of  lodgepole  pine  necessitate 
clearcuts.  Windfall  in  stands  opened  up  by 
partial  cuts  can  be  of  particular  concern  on 
certain  sites.  In  addition,  dwarf  mistletoe, 
Arceuthobium  americanum  Nutt.  ex 
Engelm.,  is  most  damaging  in  stands  that 
have  been  partially  cut,  unless  the  stand  is 
only  lightly  infected. 

3.  Harvesting  trees  before  they  reach  sizes 
conducive  to  beetle  outbreaks  would  be  an  ef- 
fective method  of  preventing  losses  to  the 
beetle  where  there  are  markets  for  material  of 
small  diameter.  For  example,  in  certain  high- 
risk  areas,  the  manager  may  elect  to  grow 
small  trees  that  meet  pole  and  mine  timber 
requirements. 

4.  Another  management  alternative  for 
stands  that  are  particularly  susceptible  to 
beetle  damage  is  to  favor  nonhost  trees  such 
as  Douglas-fir,  Pseudotsuga  menziesii 
(Mirb.)  Franco.  In  mixed  species  forests,  the 
presence  of  nonhost  trees  will  result  in  great- 
er residual  stocking  should  an  epidemic  oc- 
cur. However,  the  beetle  infests  lodgepole 
pine  in  mixed  species  forests  just  as  readily  as 
in  pure  forests.  In  addition,  the  manager  also 
must  realize  that  if  he  elects  to  convert  lodge- 
pole pine  forests  to  other  species,  he  can  ex- 
pect losses  by  other  insects--the  Douglas-fir 
beetle,  Dendroctonus  pseudotsugae  Hopkins, 
if  Douglas-fir  is  favored,  and  the  larch  case- 
bearer,  Coleophora  laricella  (Huhner),  if  west- 
ern larch,  Larix  occidentalis  Nutt.,  is  favored 
However,  entomologists  generally  agree  that 
most  insects  would  prove  easier  to  cope  with 
than  the  mountain  pine  beetle,  particularly  if 
blocks  of  nonhost  species  of  trees  are  inter- 


spersed among  blocks  of  lodgepole  pine. 
Then,  when  any  insect  infestation  occurs, 
less  acreage  of  host  type  would  be  affected. 


Where  Nontimber 
Values  Are  Primary 

Forests  that  are  committed  to  recreation, 
such  as  National  and  State  Parks,  Wilder- 
ness Areas,  and  other  forested  land  not  in- 
cluded in  the  timber-growing  base,  may  not 
require  action  against  the  beetle.  In  serai 
lodgepole  pine  forest  protected  from  fire,  the 
proportion  of  other  tree  species  can  be  ex- 
pected to  increase  with  each  beetle  infesta- 
tion, until  succession  is  complete  and  both 
lodgepole  pine  and  the  beetle  are  eliminated 
from  the  stand  (fig.  20). 

Conversion  of  noncommercial  lodgepole 
pine  forests  to  nonhost  species  of  trees 
will  eliminate  the  possibility  of  beetle  popula- 
tions building  up  and  moving  from  noncom- 
mercial to  adjacent  commercial  forested 
land.  In  the  absence  of  fire,  conversion  of 
lodgepole  pine  forests  can  be  expected  to 
occur  naturally  where  lodgepole  pine  is  serai, 
being  succeeded  by  Douglas-fir  at  lower  ele- 
vations and  subalpine  fir,  Abies  lasiocarpa 
(Hook.)  Nutt.,  and  Engelmann  spruce, Picea 
engelmannii  Parry,  at  higher  elevations.  If 
fire  occurs  prior  to  completion  of  succession, 
some  of  these  stands  will  revert  to  lodgepole 
pine  and  another  cycle  of  mountain  pine 
beetle  infestations. 

In  stands  where  lodgepole  pine  is  climax, 
periodical  infestations  of  the  beetle  can  be 
expected  as  trees  in  a  portion  of  the  stand 
develop  large  diameters  and  thick  phloem, 
conditions  needed  by  the  beetle.  Openings 
created  in  the  forest  when  dominant  and  co- 
dominant  trees  are  killed  by  beetles  are  seed- 
ed by  lodgepole,  thus  forming  an  uneven- 
aged,  multistoried  forest. 

In  addition  to  the  loss  of  most  large-diam- 
eter trees,  allowing  infestations  to  run  their 
natural  courses  will  have  some  positive  as 
well  as  other  negative  effects. 

Some  negative  effects.  -After  an  infesta- 
tion, large  numbers  of  dead  trees  fall  across 
roads,  trails,  fences,  powerlines,  and  recrea- 
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tional  facilities  unless  they  are  removed.  In 
addition,  there  is  potential  danger  from  fall- 
ing trees  to  hikers,  campers,  and  others  using 
the  forests.  Fallen  trees  may  limit  access  of 
both  wild  and  domesticated  animals.  In- 
creased fuel  loads  result  in  hotter,  more  de- 
structive fire  when  fire  does  occur  (fig.  21). 

Some  positive  effects.2 -Within  the  1  to  10- 
year  period  following  the  infestation,  snags 
will  provide  perches  and  nesting  sites  for 
some  raptors  and  cavity-nesting  birds.  Fall- 
en trees  provide  nesting  sites  and  protection 
for  ground-dwelling  birds  and  bedding  and 
cover  for  black  bears,  grizzly  bears,  and 
squirrels.  Shrubs  and  understory  that 
develop  in  openings  created  by  loss  of  trees 
provide  browse,  berries,  and  cover  for  nesting 


Figure  20.-- A  mixed  lodgepole  pine/ spruce-fir 
forest:  Natural  conversion  to  nonhost 
species  on  land  not  included  in  the  timber - 
growing  base  will  eliminate  lodgepole 
pine  and  the  mountain  pine  beetle. 


information  on  effects  of  mountain  pine  beetle  infesta- 
tions on  wildlife  was  furnished  by  Roger  S.  Bumstead, 
Wildlife  Specialist,  Wildlife  and  Fisheries  Staff  Unit, 
Forest  Service,  Missoula,  Montana  59801. 


and  foraging  birds,  bears,  and  ungulates. 
The  herbaceous  understory  provides  addi- 
tional forage  for  both  domestic  and  wild  un- 
gulates. Increased  water  production  can  also 
be  expected  during  these  10  years. 

Eleven  to  30  years  after  infestation,  snags 
become  fewer  but  downfall  increases  as 
decay  of  the  roots  and  lower  boles  of  dead 
trees  increases.  Foraging  by  bears  for  grubs 
and  mushrooms  increases.  Cover  and  food 
provided  by  the  understory  shrubs  peak  and 
begin  to  decline  as  dominant  pines  compete 
for  space.  Bird  species  composition  is  more 
diverse.  Some  understory  shrubs  begin  to 
succumb  to  competition  from  saplings. 

After  30  years,  snags  become  uncommon 
and  decay  of  downfall  reduces  the  problem 
of  access  by  large  ungulates.  Rodent  cover 
and  logs  containing  grubs  for  bears  dimin- 
ish. Shrubs  and  herbaceous  understory  are 
reduced  as  the  canopy  of  the  tree  overstory 
closes.  Closing  of  the  canopy  results  in  im- 
proved squirrel  and  ungulate  cover. 
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Figure  21. --Fallen   trees,    mostly   lodgepole  pines   killed  during  several  infestations  by 
the  mountain  pine  beetle,  limit  access  and  increase  fuel  loads. 


Where  Individual 

Trees  Have  High 

Value 


Trees  in  picnic  areas,  campgrounds,  a- 
round  visitor  centers,  and  summer  and  perm- 
anent homesites  have  much  higher  value 
than  trees  in  the  forest  situation.  Chemical 
sprays  offer  promise  for  protection  of  such 
trees  (fig.  22).  A  single  application  before 
flight  and  attack  by  beetles  has  prevented 


attacks  for  1  year  and,  in  some  instances, 
through  a  second  year.  The  use  of  such  chemi- 
cals will  vary  form  State  to  State.  Informa- 
tion on  their  availability  can  be  obtained 
from  the  Forest  Insect  and  Disease  Manage- 
ment unit  at  any  of  the  western  Regional  Of- 
fices or  the  Washington  Office  of  the  Forest 
Service. 

Managers  of  high-use  recreation  areas 
should  also  consider  planting  trees  of  dif- 
ferent species  where  lodgepole  pine  trees 
have  been  killed.  Thus,  shade  and  esthetics 
will  be  preserved  as  other  lodgepole  pines  die 
or  are  killed  by  beetles. 
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Figure  22,-Trees  of  high  value  can  be  protected  by  chemical  sprays  applied  before  beetles 
make  their  attack.  (Photo  courtesy  of  Lawrence  E.  Stipe.) 
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ABSTRACT 


As  an  aid  to  managing  fuel  and  woody  debris,  procedures  are 
provided  for  predicting  weights  of  slash  using  tables  of  either 
slash  weight  per  tree  by  d.b.h. ,  or  slash  weight  per  square  foot 
of  tree  basal  area  by  d.b.h.  Slash  weights  include  crowns  (live 
and  dead  foliage  and  branchwood)  and  unmerchantable  bole  tips  to 
3-,  4-,  and  6-inch  diameter  limits.  Slash  weights  canbe  predicted 
for  material  less  than  and  greater  than  3  inches  in  diameter. 
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INTRODUCTION 


This  handbook  contains  procedures  for  predicting  weights  of  slash--the  needles, 
branches,  unmerchantable  bole  tips,  and  broken  and  defective  bole  material --that 
remains  after  timber  cutting  or  thinning.   In  the  past,  inability  to  quantitatively 
describe  downed  woody  debris  such  as  logging  slash  has  made  it  difficult  to  evaluate 
and  communicate  debris  problems.   The  capability  to  predict  quantities  of  slash  per- 
mits planning  for  debris  problems  before  they  are  created.   However,  predicting  slash 
does  not  guarantee  easy  solutions  to  slash  problems,  but  rather  provides  a  sound 
foundation  for  making  decisions  and  formulating  plans.   Professional  experience  and 
good  judgment  will  continue  to  play  important  roles  in  debris  management. 

Estimates  of  slash  weights  can  be  useful  in  the  following  situations: 

1.  When  communicating  the  magnitude  of  fuel  and  debris  problems. 

2.  When  writing  and  administering  debris  disposal  contracts. 

3.  When  describing  fiber  potential  of  woody  residue. 

4.  When  selecting  among  debris  treatment  alternatives  like  those  developed  by 
Roussopoulos  and  Johnson  (1975). 

5.  When  preparing  prescriptions  for  prescribed  burning. 

6.  When  appraising  potential  fire  behavior  of  fuels. 

Slash  is  produced  from  three  portions  of  trees:  (1)  crowns  (foliage  and  branches); 
(2)  unmerchantable  bole  tips;  and  (3)  defective  and  broken  boles  (fig.  1).   Different 
methods  are  required  to  predict  weight  of  slash  from  each  source.   For  crowns,  the 
procedures  in  this  handbook  are  based  on  predictive  relationships  between  slash  weight 
and  tree  d.b.h.  that  were  developed  from  trees  sampled  in  Montana  and  Idaho  (Brown 
1976) . 1  The  relationships  for  estimating  unmerchantable  bole  tips  were  developed  by 
Faurot . 2  The  procedure  for  estimating  defective  and  broken  boles  relies  on  estimates 
of  merchantable  volume,  defect,  and  breakage  supplied  by  users. 


1  Brown,  James  K.   Weight  and  density  of  crowns  of  Rocky  Mountain  conifers. 
USDA  For.  Serv.  Intermt.  For.  and  Range  Exp.  Stn.  Pap.  (in  preparation). 

2  Faurot,  James  L.  Tables  for  estimating  stem  residues  study  for  ponderosa  pine, 
western  larch,  Douglas-fir,  and  lodgepole  pine  in  western  Montana.   USDA  For.  Serv. 
Intermt.  For.  and  Range  Exp.  Stn.  Pap.  (in  preparation). 


UNMERCHANTABLE 
TIP 


CROWN 


BOLE 


Figure  1. — Different  relationships  are  required  to  predict  weight  of  slash  produced 
from  crowns  (foliage  and  dead  and  live  branchwood) ,  unmerchantable  bole  tips,  and 
boles   (defect  and  breakage) . 


Although  the  data  for  predicting  crown  weight  were  gathered  in  Montana  and  Idaho, 
the  predictions  should  apply  reasonably  well  to  trees  throughout  the  western  United 
States  except  for  some  coastal  areas  where  tree  species  of  large  d.b.h.  are  found. 
For  a  given  species  and  d.b.h.,  crown  weight  per  tree  varies  considerably  within 
individual  stands.  We  suspect  that  variation  in  crown  weight  per  tree  within  stands 
may  be  about  as  much  as  between  major  forest  regions.   Thus,  slash  predictions  may  be 
about  as  accurate  outside  of  the  study  area  as  within  the  area. 


Prediction  of  slash  weights  for  many  different  species  and  tree  sizes  is  a  logical 
job  for  computers.   Computer  systems  for  calculating  slash  potentials  based  on  individ- 
ual tree  inventory  data  have  been  developed  for  some  regions  of  the  USDA  Forest  Service. 
Where  a  timber  inventory  using  individual  tree  records  is  processed  by  computer,  debris 
can  be  predicted  by  computers.   However,  computer  systems  are  not  readily  available  to 
everyone .   The  procedures  in  this  handbook  are  for  calculating  potential  slash  weights 
when  access  to  a  computer  prediction  system  is  unavailable  or  inconvenient. 

The  total  amount  of  downed  woody  fuel  following  logging  or  thinning  is  the  sum  of 
downed  woody  fuels  that  exist  before  cutting  and  slash  fuels  added  by  cutting.   Existing 
fuels  can  be  of  major  importance  for  evaluating  fire  potential.   Sometimes,  existing 
downed  woody  fuels  weigh  as  much  as  or  more  than  the  slash  created  by  cutting.   (Weight 
of  existing  downed  woody  fuels  can  be  inventoried  using  procedures  described  in  "Hand- 
book for  Inventorying  Downed  Woody  Material"  [Brown  1974].) 


PROCEDURES 


Slash  weights  can  be  predicted  for  trees  cut  or  trampled  using  estimates  of  either 
(1)  trees  per  acre  by  species  and  d.b.h.,  or  (2)  basal  area  per  acre  by  species  and 
d.b.h.   Tables  of  slash  weight  are  provided  that  include  crowns  (all  live  and  dead 
(foliage  and  branches)  and  unmerchantable  bole  tips  to  3-,  4-,  and  6-inch  diameters. 
The  tables  are  designed  for  calculating  total  crown  material  and  material  less  than  3 
inches  in  diameter.   Usually,  crown  weight  should  be  computed  using  tables  for  total 
crown  and  tip  material.   However,  interpreting  fire  behavior  using  mathematical  fire 
models  such  as  described  in  Users'   Guide  to  Debris  Prediction  and  Hazard  Appraisal 
(USDA  Forest  Service  Northern  Region)  requires  material  less  than  3  inches  in  diameter; 
therefore,  tables  for  computing  crown  material  less  than  3  inches  in  diameter  are 
also  provided. 

Slash  weight  can  be  predicted  and  summarized  along  with  existing  downed  woody  fuels 
is  follows: 

1.  Gather  and  summarize  tree  inventory  data. 

2.  Calculate  slash  weight  from  cutting  and  trampling. 

3.  Calculate  slash  weight  from  defect  and  breakage. 

4.  If  available,  add  weight  of  existing  fuels  to  debris  summary. 


STEP  1 .  For  any  desired  area,   summarize  tree  inventory  data  as  number  of  trees  per 
acre  by  species  and  d.b.h.    or  basal  area  per  acre  by  species  and  d.b.h., 
whichever  form  is  most  convenient. 

If  possible,  summarize  the  tree  data  by  1-inch  d.b.h.  classes  as  shown  on  the  left-hand 
side  of  figure  2.   Otherwise,  summarize  tree  data  by  d.b.h.  groups  and  use  the  average 
d.b.h.  of  each  group  for  determining  crown  weights.   Slash  from  both  cutting  and  tram- 
pling should  be  considered  by  including  trees  in  the  summary  that  are  expected  to  be 
either  cut  or  trampled.   (Trampling  is  the  pushing  over  of  small  trees  by  logging  equip- 
ment.)  Trampling  probably  seldom  occurs  in  thinning  operations  and  may  be  negligible 
on  many  harvesting  operations.   However,  where  substantial  trampling  is  expected,  its 
contribution  to  slash  can  be  predicted  by  this  procedure. 

STEP  2.  Select  the  correct  weight  table  and  multiply  either  the  number  of  trees  or 

basal  area  per  acre  times  the  appropriate  table  weight  for  each  d.b.h.    species 
category.     Sum  all  weights  to  obtain  the  total  crown  weight  per  acre    (this  is 
shown  in  the  Sample  Prediction  section^   and  figure  2). 

For  harvest  cutting,  choose  the  weight  table  corresponding  to  the  merchantable  tip 
diameter  specified  in  the  timber  sale.   On  sales  having  mixed  merchantable  tip  diameter 
specifications  use  the  weight  table  for  either  the  largest  diameter  or  the  diameter 
associated  with  the  species  contributing  the  most  volume. 

For  precommercial  thinning  and  trampling  from  harvesting  activities,  use  the 
tables  for  a  6-inch  merchantable  tip  diameter.   These  tables  permit  calculating  crown 
and  total  bole  weights  for  trees  less  than  6  inches  d.b.h.   For  trees  larger  than 
6  inches  d.b.h.  that  might  be  precommercial ly  thinned  or  trampled,  only  crown  and  bole 
material  less  than  6  inches  is  included  in  the  predictions. 

The  weight  tables  are  as  follows: 


Table 

Information  to 

Merchantable  tip 

number 

use  tables 

Amount  of 

crown 

diameter   (inches) 

1 

Trees/acre 

All 

3 

2 

Trees/acre 

All 

4 

3 

Trees/acre 

All 

6 

4 

Trees/acre 

Less  than 

3  in 

3  and  greate 

5 

Basal  area/acre 

All 

3 

6 

Basal  area/acre 

All 

4 

7 

Basal  area/acre 

All 

6 

8 

Basal  area/acre 

Less  than 

3  in 

3  and  greate 

The  lines  drawn  around  the  weights  in  the  tables  show  the  range  of  sample  tree 
data.   Species  and  letter  codes  used  in  the  table  heading  are  as  follows: 


GF 
WL 
ES 
AF 
LP 
DF 
WH 
WP 
WC 
PP 


Grand  fir 
Western  larch 
Engelmann  spruce 
Subalpine  fir 
Lodgepole  pine 
Douglas-fir 
Western  hemlock 
Western  white  pine 
Western  redcedar 
Ponderosa  pine 


Abies  grandis    (Dougl.)  Lindl . 

Larix  occidentalis   Nutt. 

Picea  engelmannii   Parry 

Abies  lasiocarpa   (Hook.)  Nutt. 

Pinus  contorta   Dougl. 

Pseudotsuga  menziesii   (Mirb.)  Franco 

Tsuga  heterophylla    (Raf.)  Sarg. 

Pinus  monticola   Dougl. 

Thuja  plicata   Donn 

Pinus  ponderosa   Laws . 


SLASH    WEIGHT   SUMMARY 


Stand     /  6         1  nr.atinn rt/*,/  /*»*  <LZ. 

Unit         4           natP              t-ZL-IU                                                Pagp    /       of     / 

Number  of  trees  /acre  from 
inventory  by  species 

Crown  weight/acre  (pounds) 
by  species 

DBH 

fi,*iR 

LAftcK 

6.  ?;* 

LfiHch 

/ 

3oO 

fS90 

Z 

100 

l  LLO 

< 

7 

>o 

3  f 

9/96 

ii 

3  o 

Soyo 

If 

2  0 

9 

i?c2o 

/447 

'A 

1  (a 

ID 

^£111 

i9ZO 

,1 

IS 

fits 

IS 

/b 

to 

47tO 

m 

£ 

1*25 

Total 

42213 

¥792 

SUMMARY  OF  DEBRIS  WEIGHT 


(1)  Cutting 

(2)  Trampling 

(3)  Breakage 
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Figure  2. — Slash  summary  form  showing  a  sample  estimate  of  trees  expected  to  be 
and  trampled  and  the  resultant  slash.      Crown  weight  per  acre  is  the  product 
of  trees  per  acre  and  crown  weight  per  tree  from  table  3.      (A  sample  form 
in  the  back  of  this  handbook.) 


STEP  3.  Estimate  slash  weight  for  defeat  and  breakage  as: 

w  =  V  x  f  x  s/2000  (1) 

where 

w  =  weight  of  logging  residue  from  defect  and  breakage,  tons/acre 

V  =  merchantable  volume  of  trees  to  be  cut,  ft3/acre 

f  =  fraction  of  merchantable  volume  expected  to  be  left  on  the  ground  as  defect 

and  breakage 
s  =  density  of  wood,  lb/ft3 

Estimates  of  merchantable  tree  volume  are  obtained  from  timber  cruises  or  tree 
inventories.   Wood  densities  for  common  western  species  are  summarized  in  table  9. 
For  a  mixture  of  species,  densities  can  be  averaged.   A  wood  density  value  that  rep- 
resents a  commonly  encountered  mixture  of  western  conifer  species  is  25  pounds  per 
cubic  foot. 

Slash  from  defect  and  breakage  is  considered  to  be  larger  than  3  inches  in  dia- 
meter; thus,  weight  estimates  are  needed  only  when  predicting  all  slash  material.  The 
defect  and  breakage  component  of  slash  is  far  more  difficult  to  predict  accurately  than 
weight  of  crowns  and  unmerchantable  bole  tips.   Nonetheless,  an  estimate  is  possible 
using  experience  and  knowledge  of  local  harvesting  operations.   Breakage  can  vary  con- 
siderably from  negligible  in  healthy  second-growth  stands  to  substantial  in  defective 
old-growth  stands. 

Breakage  can  be  estimated  best  from  local  experience  with  past  harvesting  opera- 
tions.  In  the  Northern  Rocky  Mountains,  breakage  in  old-growth  stands  is  commonly 
estimated  as  10  percent  of  the  cruised  merchantable  volume  and  in  other  stands  about 
5  percent  (opinion  of  several  experienced  foresters) . 

Defect  such  as  rot,  crook,  sweep,  fire  scars,  butt  swell,  etc.,  varies  by  species 
and  tree  size.  Most  timber  sellers  have  some  notion  of  defect  factors  (fraction  of 
merchantable  volume  that  is  defective)  applicable  to  their  area.   Not  all  defect  remains 
on  the  cutting  site  because  some  of  it  is  hauled  to  the  mill.   Thus,  defect  factors  must 
represent  the  material  actually  remaining  on  site.   In  the  Northern  Rocky  Mountains, 
about  50  percent  of  the  defective  volume  remains  on  an  area  after  cutting  (opinion  of 
several  experienced  foresters) . 


STEP  4-  To  estimate  weight  of  total  downed  debris,   add  weight  of  downed  woody  material 
before  cutting  to  predicted  weight  of  slash. 


Sample  Prediction 

To  illustrate  procedures  for  predicting  slash,  consider  a  partial  cutting  of 
grand  fir  and  larch.   The  merchantable  tip  diameter  limit  is  6  inches  and  number  of 
trees  per  acre  is  used  to  calculate  weight  for  all  slash  material.   Weights  summarized 
by  source  of  material  are: 

Weight 
Source  (tons /acre) 

Cutting:     Trees  to  be  cut  are  grand  fir  (10  to  16  in  d.b.h.);  and 

larch  (12  to  17  in  d.b.h.).   Number  of  trees  per  acre  (recorded 

in  figure  2)  multiplied  times  crown  weights  per  tree  (from 

table  3)  provided  the  slash  weights  shown  in  figure  2.  21.92 

Trampling:     Trees  expected  to  be  trampled  were  1  and  2  in  d.b.h. 

Weights  were  calculated  using  table  3  1.63 

Defect  and  breakage:     w  =  3,385  *  0.10  x  25/2,000.   A  timber  cruise 
showed  a  volume  of  3,385  ft3,  of  which  80  percent  was  grand 
fir.   A  wood  density  of  25  lb/ft3,  was  determined  by  weighting 
the  densities  of  grand  fir  and  larch  from  table  9  by  their 
percentages  of  total  timber  volume:  (80  percent  x  23.1  +  20 
percent  x  32.4)/L00  =  25.0.   Breakage  was  judged  to  be  about 
5  percent  and  defect  left  on  site  was  5  percent.   Thus,  the 
f  in  equation  (1)  is  0.05  plus  0.05  or  0.10.  4.23 

Predicted  slash  27.8 

Downed  woody  material:      Inventory  of  existing  downed  debris 

yielded  18  tons/acre  18. 0 

Total  45.8 

Other  Species  and  Crown  Classes 

These  procedures  can  be  used  with  unknown  but  probably  acceptable  accuracy  on 
species  having  branch  forms  similar  to  species  that  are  listed.   To  indicate  accuracy 
of  prediction,  crown  weight  for  species  in  this  handbook  that  have  similar  branch  forms, 
such  as  the  firs  and  spruce,  were  compared.   On  the  average,  one  species  was  within 
about  20  percent  of  the  other.   For  some  d.b.h. 's,  differences  were  as  high  as  50  per- 
cent.  The  following  combinations  of  species  are  probably  similar  enough  to  yield 
reasonably  accurate  slash  predictions  when  considered  alike: 

Listed  in  tables  Not  listed  in  tables 

Lodgepole  pine  White  barked  pine,  limber  pine 

Grand  fir  Pacific  red  fir 


The  tables  in  this  handbook  were  developed  from  data  for  trees  having  dominant  and 
codominant  crown  classes.   Brown  (see  footnote  1)  found  that  for  shade-tolerant  species, 
crown  weight  of  intermediate  crowns  is  not  significantly  different  from  dominant  and 
codominant  crowns.   However,  for  shade-intolerant  species,  weight  of  intermediate  crowns 
is  significantly  less  than  for  dominant  and  codominant  crowns.   Thus,  in  stands  of 
intolerant  species  where  a  large  proportion  of  the  trees  have  intermediate  crowns,  an 
adjustment  of  the  crown  weight  based  On  dominant  and  codominant  crowns  may  be  desirable. 

We  recommend  adjusting  crown  weights  only  for  ponderosa  pine,  lodgepole  pine,  and 
western  larch.  When  these  species  dominate  the  composition  and  have  a  high  proportion 
of  intermediate  crowns,  adjusted  crown  weights  can  be  calculated  as  follows: 

D.b.h.  Equation 

Less  than  7.5  in  D'  =  D(l  -  0.5  f  )  (2) 

7.5  in  and  greater  D'  =  D(l  -  0.4  fj)  (3) 


where 


D1  =  crown  weight  per  acre  adjusted  for  intermediate  crowns 

D  =  crown  weight  per  acre  based  on  dominant  and  codominant  crowns 
fT  =  fraction  of  trees  per  acre  having  intermediate  and  suppressed  crowns 


Slash  Weight  (lbs)  per 

TREE 
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WEIGHT   PER  TREE --TOTAL   CROWN   AND  TIP 

TABLE   I  .--Weight  per  tree  by  d.b.h.    of  all  material  for  crovrns  and  unmerchantable  bole 
tips  to  a  3-inch  top 


3 

-INCH  TOP 

Species 

D.b.h. 

PP 

LP 

WL-WP 

DF        GF 

AF 

WC-WH 

ES 

(inches) 

4 

35 

29 

31 

40        45 

37 

34 

40 

5 

48 

36 

36 

51        60 

47 

44 

53 

6 

66 

46 

43 

64        77 

61 

56 

69 

7 

87 

59 

52 

80        97 

79 

70 

87 

8 

113 

74 

62 

97       120 

100 

86 

108 

9 

143 

92 

72 

116       146 

125 

104 

131 

10 

177 

112 

84 

137       175 

154 

124 

156 

11 

216 

133 

97 

160       207 

187 

145 

183 

12 

259 

155 

110 

184       242 

226 

168 

213 

13 

307 
359 

179 
205 

125 
140 

210       281 
239       324 

269 

193 
220 

246 
280 

14 

319 

15 

416 

233 

156 

269       370 

375 

249 

317 

16 

478 
544 

262 

173 
190 

301       422 

334       477 

437 
489 

280 
312 

357 
399 

17 

293 

18 

616 

325 

209 

380       538 

546 

347 

444 

19 

692 

360 

228 

429       587 

607 

383 

492 

20 

774 

396 

248 

482       637 

671 

421 

542 

21 

861 

433 

268 

537       688 

739 

462 

596 

22 

953 

473 

289 

597       741 

809 

504 

652 

23 

1,050 

513 

311 

659       796 

883 

549 

712 

24 

1,150 

556 

334 

725       852 

960 

595 

775 

25 

1,260 

600 

357 

795       909 

1,040 

644 

841 

26 

1,370 

645 

382 

869       968 

1,120 

695 

911 

27 

1,490 

693 

406 

946     1,030 

1,210 

748 

985 

28 

1,620 

741 

432 

1,030     1,090 

1,300 

804 

1,060 

29 
30 

1,750 
1,890 

792 
844 

458 

485 

1,110     1,150 
1,200     1,220 

1,400 
1,490 

862 

922 

1,140 

1,230 

31 

2,030 

513 

1,290     1,280 

985 

1,320 

32 

2,180 

541 

1,390     1,350 

1,050 

1,410 

33 

2,330 

570 

1,490     1,420 

1,120 

1,510 

34 
55 

2,490 

600 
630 

1,600 

1,490 

1,190 
1,260 

1,610 

2,660 

1,710 

1,560 

1,720 

36 

2,830 

661 

1,820 

1,630 

1,340 

1,830 

37 
38 

3,010 
3,200 

693 

725 

1,940 
2,060 

1,700 
1,780 

1,410 

1,950 

1,500 

2,070 

39 

3,590 

758 

2,190 

1,850 

1,580 

2,200 

40 

3,590 

i     792 

2,320 

1,930 

1,670 

2,330 
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TABLE  2. --Weight  per  tree  by  d.b.h.    of  all  material  for  orowns  and  unmerchantable  bole 
tips  to  a  4-inoh  top 


4- INCH  TOP 


Species 

D.b.h. 

PP 

LP 

WL-WP 

DF 

GF 

AF 

WC-WH 

ES 

(inches) 

5 

67 

55 

60 

70 

77 

62 

61 

68 

6 

82 

62 

63 

81 

92 

74 

70 

82 

7 

101 

72 

69 

94 

111 

90 

83 

99 

8 

126 

86 

77 

110 

132 

110 

98 

118 

9 

154 

103 

87 

128 

157 

134 

115 

140 

10 

188 

122 

98 

148 

185 

162 

134 

165 

11 

226 

142 

109 

170 

217 

195 

155 

192 

12 

268 

164 

122 

194 

252 

233 

177 

222 

13 

315 
367 

187 

213 

136 
151 

220 
248 

290 
333 

276 

202 
229 

253 
288 

14 

325 

15 

424 

240 

166 

277 

379 

381 

257 

325 

16 

485 
552 

269 

183 
200 

309 
342 

430 
486 

444 
495 

288 
320 

364 
406 

17 

299 

18 

623 

332 

218 

388 

546 

552 

354 

451 

19 

699 

366 

237 

437 

595 

613 

390 

498 

20 

780 

401 

257 

489 

645 

677 

428 

549 

21 

867 

439 

277 

544 

696 

744 

469 

602 

22 

959 

478 

298 

603 

749 

814 

511 

658 

23 

1,060 

518 

320 

666 

803 

888 

555 

718 

24 

1,160 

561 

342 

732 

859 

965 

602 

781 

25 

1,270 

605 

366 

802 

916 

1  ,050 

650 

847 

26 

1,380 

650 

390 

875 

975 

1,130 

701 

917 

27 

1,500 

697 

414 

952 

1,040 

1,220 

754 

990 

28 

1,620 

746 

440 

1,030 

1,100 

1,310 

810 

1,070 

29 

1,760 
1,890 

796 
848 

466 
493 

1,120 
1,210 

1,160 

1,220 

1,400 
1,500 

868 
928 

1,150 

30 

1,230 

31 

2,030 

520 

1,300 

1,290 

990 

1,320 

32 

2,180 

549 

1,400 

1,360 

1,060 

1,420 

33 

2,340 

578 

1,500 

1,420 

1,120 

1,510 

34 

2,500 

607 
637 

1,600 

1,490 
1,560 

1,190 
1,270 

1,620 

35 

2,660 

1,710 

1,720 

36 

2,840 

668 

1,830 

1,640 

1,340 

1,840 

37 

3,020 
3,200 

700 

732 

1,950 
2,070 

1,710 
1,780 

1,420 

1,950 

38 

1,500 

2,080 

39 

3,390 

766 

2,200 

1,860 

1,580 

2,200 

40 

3,590 

799 

2,330 

1,940 

1,670 

2,340 
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TABLE   3. --Weight  per  tree  by  d.b.h.    of  all  material  for  crowns  and  unmerchantable  bole 
tips   to  a  6-inch  top 


l 

3-INCH  TOP 

Species 

D.b.h. 

PP 

LP 

WL-WP 

DF       GF 

AF 

WC-WH 

ES 

(inches) 

-  -  -  Pounds   -   -   - 

1 

3.3 

2.5 

3.5 

5.5       5.3 

10.6 

4.0 

5.1 

2 

10.5 

10.2 

11.3 

16.5      16.6 

17.3 

13.4 

15.3 

3 

22.8 

24.4 

27.7 

33.1      34.4 

31.5 

28.7 

29.1 

4 

40 

45 

56 

55        60 

56 

51 

46 

5 

64 

73 

99 

82        93 

93 

80 

66 

6 

93 

107 

162 

113       136 

145 

118 

88 

7 

181 

158 

173 

176       187 

151 

157 

165 

8 

195 

158 

167 

182       200 

163 

163 

177 

9 

216 

165 

166 

192       218 

182 

173 

193 

10 

243 

177 

169 

206       242 

205 

187 

213 

11 

276 

191 

175 

223       269 

235 

204 

236 

12 

315 

207 

183 

243       301 

270 

223 

262 

13 

359 
408 

227 
249 

192 
203 

266       337 
291       377 

311 

245 
270 

292 
324 

14 

358 

15 

462 

273 

216 

318       421 

412 

296 

359 

16 

521 
586 

299 

230 
245 

348       471 
379       525 

472 
523 

325 
355 

397 
437 

17 

328 

18 

655 

358 

261 

423       584 

579 

388 

481 

19 

730 

391 

278 

471       632 

638 

423 

527 

20 

810 

425 

296 

522       681 

701 

460 

576 

21 

896 

461 

315 

576       731 

767 

500 

629 

22 

987 

499 

335 

634       783 

837 

541 

684 

23 

1,080 

538 

356 

696       837 

910 

585 

743 

24 

1,180 

580 

377 

761       892 

987 

630 

805 

25 

1,290 

623 

399 

830       949 

1,070 

678 

871 

26 

1,400 

667 

423 

902     1,010 

1,150 

729 

940 

27 

1,520 

714 

446 

979     1,070 

1,240 

781 

1,010 

28 

1,650 

761 

471 

1,060     1,130 

1,330 

836 

1,090 

29 

1,780 
1,910 

811 
862 

497 
523 

1,140     1,190 
1,230     1,250 

1,420 
1,520 

893 
953 

1,170 

30 

1,250 

31 

2,060 

550 

1,320     1,320 

1,020 

1,340 

32 

2,200 

577 

1,420     1,390 

1,080 

1,440 

33 

2,360 

606 

1,520     1,450 

1,150 

1,530 

34 

2,520 

635 
665 

1,630 

1,520 

1,220 
1,290 

1,640 

35 

2,680 

1,740 

1,590 

1,740 

36 

2,860 

695 

1,850 

1,660 

1,360 

1,860 

37 

3,040 
3,220 

726 
758 

1,970 
2,090 

1,740 
1,810 

1,440 

1,970 

38 

1,520 

2,100 

39 

3,410 

791 

2,220 

1,890 

1,610 

2,220 

40 

3,610 

824 

2,350 

1,960 

1,690 

2,360 
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WEIGHT   PER  TREE--CROWN   AND  TIP   UNDER   3    INCHES 


TABLE  4. --Weight  per  tree  by  d.b.h.    of  material  less  than  3  inches  diameter  for  orovms 
and  bole  tips 


Species 

D.b.h. 

PP 

LP 

WL-WP 

DF 

GF 

AF 

WC-WH 

ES 

(inches) 

! 

1 

3.1 

2.4 

3.4 

5.3 

5.2 

10.4 

3.9 

4.9 

2 

9.8 

9.4 

10.5 

15.5 

15.9 

16.6 

12.5 

14.4 

3 

16.3 

14.2 

16.1 

22.8 

25.9 

22.9 

19.0 

22.9 

4 

35 

29 

31 

40 

45 

37 

34 

40 

5 

48 

36 

36 

51 

60 

47 

44 

53 

6 

66 

46 

43 

64 

77 

61 

56 

69 

7 

87 

59 

52 

80 

97 

79 

70 

87 

8 

111 

74 

62 

97 

120 

100 

86 

108 

9 

139 

92 

72 

116 

146 

125 

104 

131 

10 

170 

112 

84 

137 

175 

154 

124 

156 

11 

205 

133 

96 

160 

207 

187 

145 

183 

12 

243 

155 

109 

184 

242 

226 

168 

213 

13 

284 
328 

179 
205 

122 

137 

210 
239 

281 
324 

269 

193 
220 

246 
280 

14 

319 

15 

376 

233 

152 

268 

370 

375 

249 

317 

16 

426 
480 

262 

168 
184 

299 
332 

422 

477 

437 
489 

280 
312 

357 
399 

17 

293 

18 

536 

325 

201 

377 

538 

546 

347 

444 

19 

596 

360 

219 

425 

587 

607 

383 

492 

20 

658 

396 

238 

476 

637 

671 

421 

542 

21 

723 

433 

257 

530 

688 

739 

462 

596 

22 

790 

473 

277 

588 

741 

809 

504 

652 

23 

861 

513 

298 

649 

796 

883 

549 

712 

24 

933 

556 

320 

713 

852 

960 

595 

775 

25 

1,010 

600 

342 

781 

909 

1,040 

644 

841 

26 

1,090 

645 

364 

852 

968 

1,120 

695 

911 

27 

1,170 

693 

388 

926 

1,030 

1,210 

748 

985 

28 

1,250 

741 

412 

1,000 

1,090 

1,300 

804 

1,060 

29 

1,330 
1,420 

792 

844 

436 
462 

1,090 
1,170 

1,150 
1,220 

1,400 
1,490 

862 
922 

1,140 

30 

1,230 

31 

1,510 

488 

1,260 

1,280 

985 

1,320 

32 

1,600 

514 

1,350 

1,350 

1,050 

1,410 

33 

1,690 

542 

1,450 

1,420 

1,120 

1  ,510 

34 

1,780 

570 
598 

1,550 

1,490 
1,560 

1,190 

1,260 

1,610 

35 

1,880 

1,660 

1,720 

36 

1,980 

627 

1,760 

1,630 

1,340 

1,830 

37 

2,080 
2,180 

657 
688 

1,880 
1,990 

1,700 
1,780 

1,410 

1,950 

38 

1,500 

2,070 

39 

2,280 

719 

2,120 

1,850 

1,580 

2,200 

40 

2,380 

751 

2,240 

1,930 

1,670 

2,330 
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Slash   Weight  (lbs)  by 
BASAL  AREA 
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WEIGHT   PER  SQUARE   FOOT   BASAL   AREA- -TOTAL  CROWN   AND  TIP 


TABLE  S.- -Weight  per  square  foot  of  basal  area  by  d.b.h.    of  all  material  for  crowns  and 
unmerchantable  bole  tips  to  a  3-inch  top 


3-INCH  TOP 


Species 

D.b.h. 

PP 

LP 

WL-WP 

DF       GF 

AF 

WC-WH 

ES 

inches 

-  -  -  Pounds  -   -   - 

4 

402 

332 

355 

463        520 

419 

390 

455 

5 

353 

264 

266 

375        43£ 

346 

321 

387 

6 

334 

235 

221 

328        392 

312 

284 

349 

7 

326 

220 

195 

298        364 

294 

262 

325 

8 

324 

212 

177 

277        344 

286 

246 

308 

9 

324 

208 

164 

262        330 

282 

235 

295 

10 

325 

206 

154 

251        320 

282 

227 

2Sf. 

11 

327 

201 

147 

242        313 

284 

220 

278 

12 

330 

198 

141 

234        308 

287 

214 

272 

13 

333 
336 

194 
192 

135 
131 

228        305 
223        303 

292 

210 
206 

266 
262 

14 

298 

15 

339 

190 

127 

219        302 

305 

203 

259 

16 

342 
345 

188 

124 
121 

215        302 
212        303 

313 
310 

200 
198 

256 
253 

17 

186 

18 

349 

184 

118 

215        305 

309 

196 

251 

19 

352 

183 

116 

218        298 

308 

195 

250 

20 

355 

181 

113 

221        292 

308 

193 

249 

21 

358 

180 

111 

223        286 

307 

192 

248 

22 

361 

179 

110 

226        281 

307 

191 

247 

23 

364 

178 

108 

228        276 

306 

190 

247 

24 

367 

177 

106 

231        271 

306 

189 

247 

25 

370 

176 

105 

233        267 

305 

189 

247 

26 

373 

175 

103 

236        263 

305 

188 

247 

27 

376 

174 

102 

238        259 

305 

188 

248 

2-8 

379 

173 

101 

240        255 

305 

188 

248 

29 

382 
384 

173 
172 

100 
99 

242        251 

245        248 

304 

304 

188 
188 

249 

30 

250 

31 

387 

98 

247        245 

188 

251 

32 

390 

97 

249        242 

188 

253 

33 

393 

96 

251        239 

188 

254 

34 

395 

95 
94 

253 

236 

188 
189 

256 

35 

398 

256 

233 

257 

36 

401 

94 

258 

231 

189 

259 

37 

403 
406 

93 

92 

260 
262 

228 
226 

189 

261 

38 

190 

263 

39 

409 

91 

264 

223 

190 

265 

40 

411 

91 

266 

221 

191 

267 
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TABLE  6. --Weight  per  square  foot  of  basal  area  by  d.b.h.    of  all  material  for  crowns 
and  unmerchantable  bole  tips  to  a  4-inch  top 


4 -INCH  TOP 


Sp 

ecies 

D.b.h. 

PP 

LP 

WL-WP 

DF 

GF 

AF 

WC-WH 

ES 

(inches) 

-  -  -  -  Pounds   -   -   - 

5 

493 

400 

438 

516 

563 

452 

446 

500 

6 

416 

314 

322 

412 

468 

375 

359 

417 

7 

379 

271 

260 

352 

413 

335 

310 

369 

8 

360 

247 

222 

315 

379 

314 

280 

339 

9 

350 

233 

197 

290 

356 

303 

260 

318 

10 

345 

224 

179 

271 

340 

297 

245 

303 

11 

342 

215 

166 

258 

328 

295 

234 

291 

12 

342 

208 

156 

247 

320 

297 

226 

282 

13 

342 
344 

203 
199 

148 
141 

238 

232 

315 
311 

300 

219 

214 

275 
269 

14 

304 

15 

345 

195 

136 

226 

309 

310 

210 

264 

16 

348 
350 

192 

131 
127 

221 
217 

308 
308 

318 

314 

206 
203 

261 
258 

17 

190 

18 

352 

188 

123 

220 

309 

313 

200 

255 

19 

355 

186 

120 

222 

302 

311 

198 

253 

20 

358 

184 

118 

224 

296 

310 

196 

251 

21 

360 

182 

115 

226 

289 

309 

195 

250 

22 

363 

181 

113 

229 

284 

309 

194 

249 

23 

366 

180 

111 

231 

278 

308 

192 

249 

24 

369 

178 

109 

233 

273 

307 

192 

248 

25 

372 

177 

107 

235 

269 

307 

191 

248 

26 

374 

176 

106 

237 

264 

306 

190 

249 

27 

377 

175 

104 

239 

260 

306 

190 

249 

28 

380 

174 

103 

242 

256 

306 

189 

250 

29 

383 
385 

174 
173 

102 
100 

244 
246 

253 
249 

305 
305 

189 
189 

250 

30 

251 

31 

388 

99 

248 

246 

189 

252 

32 

391 

98 

250 

243 

189 

254 

33 

393 

97 

252 

240 

189 

255 

34 

396 

96 
95 

254 

237 
234 

189 

190 

256 

35 

399 

256 

258 

36 

401 

95 

258 

231 

190 

260 

37 

404 
406 

94 
93 

261 
263 

229 
226 

190 

262 

38 

191 

264 

39 

409 

92 

265 

224 

191 

266 

40 

412 

92 

267 

222 

192 

268 

TABLE   1 .--Weight  per  square  foot  of  basal  area  by  d.b.h. 
and  unmerchantable  bole   tips  to  a  6-inch  top 


of  all  material  for  crowns 


6- INCH  TOP 


Species 

D.b.h. 

PP 

LP 

WL-WP 

DF 

GF 

AF 

WC-WH 

ES 

(inches) 

1 

605 

464 

635 

1,001 

972 

1,937 

736 

_  _  _  _ 
936 

2 

482 

467 

519 

757 

759 

791 

615 

702 

3 

464 

497 

564 

674 

701 

642 

585 

593 

4 

458 

519 

641 

628 

683 

640 

580 

527 

5 

469 

534 

730 

599 

682 

682 

588 

484 

6 

474 

546 

824 

578 

691 

741 

602 

448 

_ 

7 

678 

590 

646 

660 

698 

565 

588 

618 

8 

559 

453 

478 

520 

573 

468 

467 

506 

9 

489 

374 

376 

434 

495 

411 

393 

437 

10 

446 

324 

310 

377 

443 

377 

343 

390 

11 

419 

289 

265 

338 

408 

356 

309 

358 

12 

401 

264 

232 

309 

383 

343 

285 

334 

13 

389 
381 

246 

233 

209 
190 

288 

272 

365 
353 

337 

266 

252 

316 
303 

14 

335 

15 

376 

222 

176 

259 

343 

335 

241 

292 

16 

373 
372 

214 

165 
155 

249 
241 

337 
333 

338 

332 

233 

225 

284 

277 

17 

1   208 

18 

371 

203 

148 

240 

331 

327 

220 

272 

19 

371 

198 

141 

239 

321 

324 

215 

268 

20 

372 

195 

136 

239 

312 

321 

211 

264 

21 

373 

192 

131 

239 

304 

319 

208 

261 

22 

374 

189 

127 

240 

297 

317 

205 

259 

23 

375 

187 

123 

241 

290 

315 

203 

258 

24 

377 

184 

120 

242 

284 

314 

201 

256 

25 

379 

183 

117 

243 

278 

313 

199 

255 

26 

381 

181 

115 

245 

273 

312 

198 

255 

27 

383 

179 

112 

246 

268 

311 

196 

255 

28 

385 

178 

110 

248 

264 

310 

196 

255 

29 

388 

i  390 

177 
176 

108 
106 

249 
251 

259 
255 

309 

309 

195 
194 

255 

30 

256 

31 

392 

105 

253 

252 

194 

256 

32 

395 

103 

254 

248 

193 

257 

33 

397 

102 

256 

245 

193 

258 

34 

!  399 
402 

i 

101 
99 

258 

241 
238 

193 

193 

260 

35 

260 

261 

36 

404 

98 

262 

235 

193 

263 

37 

406 
409 

97 
96 

263 
265 

233 
230 

193 

264 

38 

193 

266 

39 

411 

95 

267 

227 

194 

268 

40 

414 

94 

269 

225 

194 

270 
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WEIGHT  PER  SQUARE  FOOT  BASAL  AREA- -CROWN  AND  TIP  UNDER  3  INCHES 

TABLE  8. --Weight  per  square  foot  of  basal  area  by  d.b.h.    of  material   less  than  3  inches 
diameter  for  crowns  and  bole  tips 


Species 

D.b.h. 

PP 

LP 

WL-WP 

DF        GF 

AF 

WC-WH 

ES 

(inches) 

1 

569 

440 

624 

972       954 

1,907 

715 

899 

2 

450 

431 

482 

711       730 

762 

574 

661 

3 

333 

290 

328 

465       528 

467 

388 

449 

4 

402 

332 

355 

463       520 

419 

390 

455 

5 

353 

264 

266 

375       438 

346 

321 

387 

6 

334 

235 

221 

328       392 

312 

284 

349 

7 

324 

220 

195 

298       364 

294 

262 

325 

8 

318 

212 

177 

277       344 

286 

246 

308 

9 

314 

208 

164 

262       330 

282 

235 

295 

10 

312 

206 

154 

251       320 

282 

227 

286 

11 

310 

201 

145 

242       313 

284 

220 

278 

12 

309 

198 

138 

234       308 

287 

214 

272 

13 

308 
307 

194 
192 

133 
128 

228       305 

223       303 

292 

210 
206 

266 

14 

298 

262 

15 

306 

190 

124 

218       302 

305 

203 

259 

16 

305 

304 

188 

120 
117 

214       302 
211       303 

313 
310 

200 
198 

256 

17 

186 

253 

18 

303 

184 

114 

213       305 

309 

196 

251 

19 

302 

183 

111 

216       298 

308 

195 

250 

20 

302 

181 

109 

218       292 

308 

193 

249 

21 

301 

180 

107 

221       286 

307 

192 

248 

22 

299 

179 

105 

223       281 

307 

191 

247 

23 

298 

178 

103 

225       276 

306 

190 

247 

24 

297 

177 

102 

227       271 

306 

189 

247 

25 

296 

176 

100 

229       267 

305 

189 

247 

26 

295 

175 

99 

231       263 

305 

188 

247 

27 

293 

174 

98 

233       259 

305 

188 

248 

28 

292 

173 

96 

235       255 

305 

188 

248   | 

29 

291 
289 

173 
172 

95 
94 

237       251 
239       248 

304 
304 

188 

188 

249   j 

30 

250 

31 

288 

93 

241       245 

188 

251 

32 

286 

92 

242       242 

188 

253 

33 

285 

91 

244       239 

188 

254 

34 

283 

90 
90 

246 

236 

188 
189 

256 

35 

281 

248 

233 

257 

36 

280 

89 

250 

231 

189 

259 

37 

278 
276 

88 
87 

251 
253 

228 
226 

189 

261 

38 

190 

263 

39 

275 

87 

255 

223 

190 

265 

40 

273 

86 

257 

221 

191 

267 
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WOOD  DENSITY 


TABLE  9. --Density  of  wood  for  selected  western  speoies. 
Forest  Products  Laboratory   (1974)) 


(Density  values  from  U.S. 


CONIFERS 


Cedar 

Western  redcedar  (Thuja  plicata) 
Incense  cedar  (Libocedrus  decurrens) 
Alaska  cedar  ( Chamaecyparis  nootkatensis ) 

Douglas-fir  (Pseudotsuga  menziesii) 
Coastal  (Washington  and  Oregon) 
Northern  Rocky  Mountains 
Southern  Rocky  Mountains 

Fir 

Grand  fir  (Abies  grandis) 
California  red  fir  (Abies  magnifica) 
Noble  fir  (Abies  procera) 
Pacific  silver  fir  (Abies  amabilis) 
White  fir  (Abies  concolor) 
Subalpine  fir  (Abies   lasiocarpa) 

Western  hemlock  (Tsuga  heterophylla) 

Western  larch  (Larix  occidentalis ) 

Pine 


Lodgepole  pine  (Pinus  contorta) 
Ponderosa  pine  (Pinus  ponderosa) 
Sugar  pine  (Pinus   lambertiana) 
Western  white  pine  (Pinus  monticola) 

Redwood  (Sequoia  sempervirens)   Old  growth 

Spruce 

Engelmann  spruce  (Picea  engelmannii) 
White  spruce  (Picea  glauca) 
Sitka  spruce  (Picea  sitchensis) 

HARDWOODS 

Quaking  aspen  (Populus  tremuloides) 

Black  cottonwood  (Populus  trichocarpa) 


20. 

0 

23. 

1 

27. 

5 

30 

0 

30 

0 

28 

7 

23 

1 

23 

7 

24 

3 

26 

S 

24 

3 

20 

I) 

28.1 


32.4 


25.6 
25.0 
22.5 
23.7 

25.0 


21.8 
25.0 
25.0 


23.7 
21.8 
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ACCURACY 


Accuracy  of  predictions  can  vary  considerably,  depending  upon  species,  stand  con- 
iitions,  and  accuracy  of  the  timber  stand  inventory.   Sources  of  variation  affecting 
predictions  include  equations  for  estimating  live  crown  weight,  dead  crown  weight,  un- 
merchantable tip  volume,  and  bark  density;  estimates  of  defect  and  breakage  factors; 
md  accuracy  of  tree  inventory  data.   Equations  for  predicting  live  branches  and 
'oliage,  which  account  for  a  major  portion  of  the  total  crown  weight,  have  standard 
jrrors  of  the  estimate  ranging  from  30  to  64  percent  of  mean  values.   When  weight  is 
>redicted  for  many  trees  and  summed,  errors  for  individual  trees  tend  to  balance  out; 
:hus,  estimates  for  stand  averages  are  expected  to  be  more  accurate  than  estimates  for 
.ndividual  trees. 

A  test  to  validate  predictions  was  conducted  in  three  small  stands  dominated  by 
i  single  species--ponderosa  pine,  Douglas-fir,  and  lodgepole  pine.   Crown  weights  were 
>redicted  before  cutting.  After  cutting,  the  slash  was  intensively  inventoried  using 
:he  planar  intersect  method  (Brown  and  Roussopoulos  1974) . 

For  slash  less  than  3  inches  in  diameter,  predicted  weights  were  less  than  in- 
ventoried weights  by  15,  22,  and  37  percent  of  inventoried  values.   For  all  slash, 
>redicted  weights  varied  from  4  percent  more,  to  15  percent  less  than  inventoried 
/eights.   Some  of  the  discrepancies  were  traced  to  biases  in  the  test;  thus,  differences 
>etween  predicted  weights  and  actual  weights  would  be  less  than  indicated  by  our  test. 

Considering  the  sources  of  variation  inherent  in  predicting  slash  weights  and  a 
validation  test,  we  believe  that  most  estimates  of  slash  weight  from  crowns  and  un- 
lerchantable  bole  tips  should  be  within  20  percent  of  the  true  mean.   Occasionally, 
estimates  can  be  expected  to  deviate  from  the  true  mean  by  as  much  as  50  percent. 


FUEL  APPRAISAL 


Appraising  potential  fire  behavior  of  fuels  is  often  termed  fuel  appraisal  and  is 
:he  process  of  (1)  describing  fuel  characteristics  such  as  quantity  and  size;  and  (2) 
interpreting  the  fuel  in  terms  of  fire  behavior;  for  example,  rate  of  spread,  fireline 
intensity,  and  flame  length.   Thus,  the  appraisal  process  attempts  to  answer  the 
question:   What  is  the  expected  fire  behavior  for  different  fuels,  given  steepness  of 
;lope  and  weather  conditions?  The  question  is  difficult  to  answer,  partly  because  the 
inswer  is  made  up  of  different  elements  of  fire  behavior  (Anderson  1974):  rate  of  spread, 
mtensity,  crowning  potential,  spotting  potential,  and  duration  of  heat.   One  or  more  of 
:hese  elements  may  have  to  be  appraised  when  a  specific  fuel  management  situation  is 
)eing  evaluated. 
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Potential  fire  behavior  of  downed  woody  debris  can  be  appraised  by  (1)  mathematical 
modeling,  and  (2)  experienced  judgment.   Mathematical  modeling  of  rate  of  spread,  fire- 
line  intensity,  and  flame  length,  for  example,  offers  the  most  objective  means  of  ap- 
praising potential  fire  behavior.   However,  this  approach  may  not  be  readily  available 
to  some  land  managers. 

Experienced  judgment  is  an  important  means  of  appraising  fuels  because  an  exper- 
ienced person  can  integrate  many  factors  that  elude  quantification.   Even  when  more 
sophisticated  methods  are  available,  judgment  is  still  important.   One  way  of  using 
experienced  judgment  is  to  establish  a  reference  (tons  per  acre)  that  can  be  used  to 
compare  against  other  fuel  loadings.   The  reference  loading  should  represent  fuels 
for  which  a  consensus  of  land  managers  experienced  in  control  of  fire  can  agree  upon 
a  rating.   Ratings,  for  example,  might  be  for  low,  medium,  or  high  fire  intensity 
potential,  or  either  acceptable  or  unacceptable  regarding  the  ability  of  an  initial 
attack  crew  to  gain  control.   After  setting  a  reference  loading,  fuels  are  appraised 
on  a  relative  basis.   For  example,  for  material  less  than  3  inches  in  diameter,  if  a 
loading  of  10  tons  per  acre  is  established  as  a  reference,  then  a  loading  of  20  tons 
per  acre  would  exhibit  approximately  twice  the  potential  fire  behavior. 

How  Much  Fuel  Is  Acceptable? 

Fire  managers  commonly  want  to  know  the  tonnages  of  fuel  that  are  acceptable.   This 
question  is  difficult  to  answer  because  fire  behavior  depends  not  only  on  fire  potential 
at  one  location  but  also  on  other  factors,  such  as  distribution  of  fuels  and  fire  behav- 
ior potential  over  surrounding  areas  that  may  cover  one  or  more  drainages.   Acceptable 
fuel  loading  depends  on  resource  values,  management  objectives  for  the  land,  pattern 
of  land  ownership,  and  suppression  capability.   In  some  stands,  acceptable  load  depends 
on  resistance  of  trees  to  crown  scorch  and  cambium  kill.   Professional  judgment  is 
certainly  needed  to  determine  acceptable  fuel  tonnages. 

Decision  steps. --To  decide  how  much  fuel  is  acceptable  requires  that  one  must 
integrate  many  factors  (fig.  3).   This  can  be  done  systematically  as  follows: 

1.  Consider  management  objectives  and  values  at  risk.  For  the  latter,  resource 
values  and  risk  of  a  fire  during  a  high  fire-danger  period  causing  damage  are  jointly 
considered. 

2.  Appraise  fuels  by  (a)  describing  fuels  from  inventory  and  prediction;  and 
(b)  interpreting  fire  behavior  potential  such  as  rate  of  spread,  flame  length,  in- 
tensity, and  scorch  height. 

3.  Consider  other  fire-related  factors  such  as  fuel  and  fire  behavior  potential 
on  adjoining  areas,  suppression  capability,  frequency  and  severity  of  historical  fires, 
and  fire's  ecological  role. 

Acceptable  fuel  loadings  can  depend  to  a  high  degree  on  factors  in  item  3.   For 
example,  a  heavier  fuel  loading  would  be  acceptable  on  a  unit  surrounded  by  sparse 
fuels  with  little  chance  of  ignition  than  on  a  unit  surrounded  by  heavy  fuels  with 
a  high  chance  of  ignition. 

Fuel   loading  standards. — No  single  fuel  loading  may  be  acceptable  for  a  large 
administrative  area.   Herein  lies  the  dilemma  of  setting  fuel  standards.   Establishing 
standards  would  permit  the  setting  of  clear  objectives  for  residue  management  and  pro- 
vide benchmarks  with  which  to  measure  accomplishments.   However,  standards  could 
easily  circumvent  professional  judgment  for  determining  the  maximum  acceptable  level 
of  fuel  for  specific  sites.   One  approach  to  determining  acceptable  fuel  levels  is  to 
develop  different  standards  for  each  of  the  major  decision  circumstances  encountered 
on  a  large  administrative  unit.   To  accomplish  this,  the  factors  in  figure  3  should  be 
evaluated  for  the  different  management  circumstances  found  on  a  large  administrative 
unit . 
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Acceptable  loadings  of  debris  also  depend  on  requirements  of  other  disciplines  for 
attaining  land  management  objectives.   Thus,  even  if  fuel  standards  are  set,  the  final 
decision  on  how  much  downed  debris  is  acceptable  should  be  coordinated  among  land 
management  interests. 


FUEL      APPRAISAL 


FUEL 


DESCRIPTIO 


FIRE 
POTEI 


TIAL 


MANAGEMENT 
OBJECTIVES 


■►DECISION 


i 


VALUES 
RISK 


AT 


OTHER    FIRE    FACTORS 

SURROUNDING    FUELS 
SUPPRESSION   CAPABILITY 
FIRE  HISTORY 
FIRE'S   ROLE 


Figure  3. — Factors  to  consider  when  deciding  how  much  fuel  is  acceptable. 


BASIS  FOR  TABLES 


Weights  in  the  tables  are  expressed  on  an  ovendry  basis.  Fractions  for  converting 
material  less  than  3  inches  in  diameter  to  all  material  and  converse  conversions  are  in 
appendix  I. 

Tables  1  through  8  show  combined  weights  of  crowns  and  unmerchantable  tips.   Re- 
lationships for  estimating  only  crown  weights  for  live  and  dead  material  are  summarized 
by  Brown  (see  footnote  1).   Tables  for  predicting  crown  weights  without  unmerchantable 
tips  are  in  appendix  II.   Fractions  for  dividing  crown  weights  into  foliage  and  branch- 
wood  diameter  classes  of  0  to  0.24  in,  0.25  to  0.99  in,  1.0  to  2.99  in,  and  3.0+  in  are 
in  appendix  III. 
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Unmerchantable  tip  and  bole  weights  were  computed  using  two  methods.   Brown's 
equations  for  total  tree  bole  weight,  including  bark,  were  used  for  trees  above  the 
dashed  lines  in  tables  3,  4,  7,  and  8.   For  trees  below  the  dashed  line,  weight  of 
wood  was  estimated  by  means  of  unmerchantable  tip  volume  equations  developed  by 
Faurot  (see  footnote  2)  and  wood  densities  from  U.S.  Forest  Products  Laboratory  (1974). 
Bark  weight  was  estimated  from  bark  volumes  and  densities.   Bark  volume  was  calculated 
from  ratios  of  bark  thickness-to-stem  thickness  as  described  in  appendix  IV. 

Faurot' s  equations  for  volume  of  unmerchantable  tips  require  d.b.h.  and  height  as 
independent  variables.   For  constructing  the  tables,  height  was  estimated  using  height  - 
d.b.h.  regressions  developed  by  Brown  (see  footnote  1).   Tables  of  tip  weights  and 
equations  for  tip  volume  and  tree  height  are  included  in  appendix  IV. 

The  tables  based  on  weight-per-square-foot  of  tree  basal  area  were  constructed  from 
tables  of  weight  per  tree  by  d.b.h.   For  each  d.b.h.,  weights  per  tree  were  divided  by 
the  basal  area  corresponding  to  that  d.b.h. 
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APPENDIX  I 

Fraction  of  Crowns  and  Tips  3  Inches  and  Larger 


The  fractions  in  table  10  above  the  dashed  lines  drawn  at  2,  4,  and  6  inches  d.b.h. 
are  based  on  weights  that  include  entire  boles.   These  fractions  apply  to  slash  from 
precommercial  thinning  and  trampling  where  entire  trees  are  left  on  the  ground.   Below 
the  lines,  the  fractions  are  based  on  weights  that  include  unmerchantable  tips  and  apply 
to  slash  from  harvesting  operations. 

TABLE  10.  --Fractions  of  crowns  and  unmerchantable  bole   tips   that  are   3  inches 
in  diameter  and  larger 


Species 

D.b.h. 

PP 

LP 

WL 

DF 

GF 

AF 

wc 

WP 

WH 

ES 

(inches) 

3- 

INCH  TOP 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

0.02 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

.04 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

.06 

0 

0.02 

0 

0 

0 

0 

0 

0 

0 

14 

.09 

0 

.02 

0 

0 

0 

0 

0 

0 

0 

16 

.11 

0 

.03 

0.01 

0 

0 

0 

0 

0 

0 

18 

.13 

0 

.04 

.01 

0 

0 

0 

0 

0 

0 

20 

.15 

0 

.04 

.01 

0 

0 

0 

0 

0 

0 

22 

.17 

0 

.04 

.01 

0 

0 

0 

0 

0 

0 

24 

.19 

0 

.05 

.02 

0 

0 

0 

0 

0 

0 

26 

.21 

0 

.05 

.02 

0 

0 

0 

0 

0 

n 

28 

.23 

0 

.05 

.02 

0 

0 

0 

0 

0 

0 

30 

.25 

0 

.05 

.02 

0 

0 

0 

0 

0 

0 

32 

.27 

.05 

.03 

0 

0 

0 

0 

0 

34 

.28 

.06 

.03 

0 

0 

0 

0 

0 

36 

.30 

.06 

.03 

0 

0 

0 

0 

0 

38 

.32 

.06 

.03 

0 

0 

0 

0 

0 

40 

.34 

.06 

.04 

0 

0 

0 

0 

0 

(con.) 
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TABLE   10. --Continued 


Species 

D.b.h. 

PP 

LP 

WL 

DF 

GF 

AF 

WC 

WP 

WH 

ES 

(inches) 

4- 

INCH  TOP 

2 

0.07 

0.08 

0.08 

0.06 

0.04 

0.04 

0.06 

0.07 

0.07 

0.06 

4 

.24 

.39 

.45 

.29 

.25 

.31 

.32 

.40 

.33 

.21 

6 

.18 

.24 

.32 

.19 

.15 

.15 

.16 

.25. 

.22 

.15 

8 

.11 

.13 

.21 

.11 

.09 

.08 

.10 

.16 

.13 

.09 

10 

.09 

.08 

.15 

.07 

.06 

.05 

.06 

.11 

.09 

.05 

12 

.09 

.05 

.12 

.05 

.04 

.03 

.04 

.08 

.06 

.04 

14 

.11 

.03 

.10 

.04 

.03 

.02 

.03 

.06 

.04 

.03 

16 

.12 

.02 

.09 

.03 

.02 

.01 

.02 

.05 

.03 

.02 

18 

.14 

.02 

.08 

.03 

.02 

.01 

.02 

.04 

.03 

.01 

20 

.16 

.01 

.08 

.03 

.01 

.01 

.01 

.03 

.02 

.01 

22 

.18 

.01 

.08 

.03 

.01 

.01 

.01 

.03 

.02 

.01 

24 

.19 

.01 

.07 

.03 

.01 

.01 

.01 

.02 

.01 

.01 

26 

.21 

.01 

.07 

.03 

.01 

0 

.01 

.02 

.01 

.01 

28 

.23 

.01 

.07 

.03 

.01 

0 

.01 

.02 

.01 

.01 

30 

.25 

0 

.07 

.03 

.01 

0 

.01 

.02 

.01 

0 

32 

.27 

.07 

.03 

.01 

0 

.01 

.01 

0 

34 

.29 

.07 

.03 

.01 

0 

.01 

.01 

0 

36 

.30 

.07 

.03 

0 

0 

.01 

.01 

0 

38 

.32 

.07 

.04 

0 

0 

.01 

.01 

0 

40 

.34 

.07 

.04 

0 

0 

.01 

0 

0 

6-INCH  TOP 

06  .08  .08  .06  .04  .04  .06  .07  .07  .06 

31  .51  .58  .38  .33  .40  .42  .53  .43  .27 

,34  .59  .74  .46  .44  .56  .56  .69  .50  .28 


8 

.42 

.52 

.65 

.46 

.39 

.38 

.41 

.57 

.50 

.38 

10 

.30 

.36 

.53 

.33 

.27 

.25 

.29 

.45 

.37 

.26 

12 

.23 

.25 

.43 

.24 

.19 

.16 

.21 

.36 

.28 

.19 

14 

.19 

.17 

.35 

.18 

.14 

.11 

.15 

.28 

.21 

.13 

16 

.18 

.13 

.29 

.14 

.11 

.07 

.12 

.23 

.16 

.10 

18 

.18 

.09 

.25 

.11 

.08 

.06 

.09 

.19 

.13 

.08 

20 

.19 

.07 

.21 

.09 

.07 

.04 

.07 

.15 

.10 

.06 

22 

.20 

.05 

.19 

.07 

.05 

.03 

.06 

.13 

.08 

.05 

24 

.21 

.04 

.17 

.06 

.05 

.03 

.05 

.11 

.07 

.04 

26 

.23 

.03 

.15 

.06 

.04 

.02 

.04 

.09 

.06 

.03 

28 

.24 

.03 

.14 

.05 

.03 

.02 

.03 

.08 

.05 

.03 

30 

.26 

.02 

.13 

.05 

.03 

.02 

.03 

.07 

.04 

.02 

32 

.28 

.12 

.05 

.03 

.02 

.06 

.04 

.02 

34 

.29 

.11 

.05 

.02 

.02 

.06 

.03 

.02 

36 

.31 

.11 

.05 

.02 

.02 

.05 

.03 

.01 

38 

.32 

.10 

.05 

.02 

.02 

.04 

.02 

.01 

40 

.34 

.10 

.05 

.02 

.01 

.04 

.02 

.01 
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APPENDIX  II 

Crown  Weight  Tables 

TARLF.  1 1. --Crown  weight  per  tree 


1/ 


Species 

D.b.h. 

PP 

LP 

WL-WP 

DF 

GF 

AF 

WC-WH 

ES 

(inches) 

1 

1.3 

1.1 

1.8 

3.1 

3.7 

8.6 

2.; 

I                 2.8 

2 

5.7 

4.3 

5.5 

9.4 

11.3 

12.4 

7.3       9.3 

3 

13.3 

9.4 

10.7 

18.0 

21.9 

18.8 

14.5      18.6 

4 

24 

17 

17 

29 

35 

28 

24 

30 

5 

39 

26 

24 

41 

51 

40 

35 

45 

6 

58 

37 

33 

55 

69 

55 

48 

61 

7 

80 

51 

42 

71 

90 

73 

63 

80 

8 

106 

67 

53 

89 

113 

94 

79 

101 

9 

137 

85 

64 

109 

139 

119 

97 

125 

10 

171 

106 

76 

130 

168 

149 

117 

150 

11 

210 

127 

89 

153 

200 

182 

139 

178 

12 

254 

150 

103 

178 

236 

221 

162 

208 

13 

302 
354 

174 
200 

117 
133 

204 
233 

275 
317 

265 

188 
215 

240 

275 

14 

314 

15 

411 

228 

149 

263 

364 

370 

244 

312 

16 

473 
540 

258 

166 
183 

295 
329 

416 

471 

433 
485 

274 
307 

352 
395 

17 

289 

18 

611 

322 

202 

375 

532 

542 

341 

439 

19 

688 

356 

221 

424 

581 

603 

378 

487 

20 

770 

392 

241 

476 

631 

667 

416 

538 

21 

856 

430 

261 

532 

683 

735 

456 

591 

22 

949 

469 

283 

591 

736 

805 

499 

648 

23 

1,050 

510 

305 

654 

790 

879 

543 

708 

24 

1,150 

553 

328 

720 

846 

957 

590 

771 

25 

1,260 

597 

351 

790 

903 

1,040 

639 

837 

26 

1,370 

642 

375 

864 

962 

1,120 

690 

907 

27 

1,490 

690 

400 

941 

1,020 

1,210 

743 

980 

28 

1,620 

739 

426 

1,020 

1,080 

1,300 

799 

1,060 

29 
30 

1,750 

789 

452 

1,110 

1,150 

1,390 

857 

1,140 

1 ,880 

841 

479 

1,200 

1,210 

1,490 

917 

1,220 

31 

2,030 

506 

1,290 

1,280 

980 

1,310 

32 

2,170 

535 

1,390 

1,340 

1,040 

1,410 

33 

2,330 

564 

1,490 

1,410 

1,110 

1,500 

34 

2,490 

593 
624 

1,590 

1,480 
1,550 

1,180 
1,260 

1,610 

35 

2,660 

1,700 

1,720 

36 

2,830 

655 

1,820 

1,620 

1,330 

1,830 

37 

3,010 

686 

1,930 

1,700 

1,410 

1,950 

38 

3,190 

719 

2,060 

1,770 

1,490 

2,070 

39 

3,390 

752 

2,190 

1,850 

1,570 

2,200 

40 

3,580 

786 

2,320 

1,920 

1,660 

2,330 

— '   Numbers  within  the  lined  space  are  within  limits  of  data  sampled. 
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TABLE   12. --Crown  weight  per  square  foot  of  basal  area 


Species 

D.b.h. 

PP 

LP 

WL-WP 

DF 

GF 

AF 

WC-WH 

ES 

(inches) 

Pounds   -  - 
680 

1 

244 

207 

333 

573 

1,577 

411 

519 

2 

260 

196 

254 

432 

520 

568 

333 

425 

3 

271 

192 

218 

367 

446 

382 

296 

379 

4 

280 

190 

195 

328 

402 

319 

272 

349 

5 

287 

189 

180 

302 

372 

291 

256 

328 

6 

293 

190 

168 

282 

351 

278 

244 

313 

7 

299 

191 

159 

267 

335 

271 

234 

300 

8 

304 

192 

151 

256 

324 

269 

226 

290 

9 

309 

193 

145 

246 

315 

270 

220 

282 

10 

314 

195 

140 

238 

308 

272 

215 

275 

11 

319 

193 

135 

232 

303 

276 

211 

270 

12 

323 

191 

131 

226 

300 

281 

207 

265 

13 

327 

189 

127 

222 

298 

287 

204 

261 

14 

331 

187 

124 

218 

297 

294 

201 

257 

15 

335 

186 

121 

214 

297 

302 

198 

255 

16 

339 

185 

119 

211 

298 

310 

196 

252 

17 

342 

183 

116 

209 

299 

308 

195 

250 

18 

346 

182 

114 

212 

301 

307 

193 

249 

19 

349 

181 

112 

215 

295 

306 

192 

247 

20 

353 

180 

110 

218 

289 

306 

191 

247 

21 

356 

179 

109 

221 

284 

305 

190 

246 

22 

359 

178 

107 

224 

279 

305 

189 

245 

23 

363 

177 

106 

227 

274 

305 

188 

245 

24 

366 

176 

104 

229 

269 

305 

188 

245 

25 

369 

175 

103 

232 

265 

304 

187 

246 

26 

372 

174 

102 

234 

261 

304 

187 

246 

27 

375 

173 

101 

237 

257 

304 

187 

247 

28 

378 

173 

100 

239 

253 

304 

187 

247 

29 

381 

172 

98 

241 

250 

304 

187 

248 

30 

384 

171 

98 

244 

247 

303 

187 

249 

31 

386 

97 

246 

244 

187 

251 

32 

389 

96 

248 

241 

187 

252 

33 

392 

95 

250 

238 

187 

253 

34 

395 

94 

253 

235 

188 

255 

35 

397 

93 

255 

232 

188 

257 

36 

400 

93 

257 

230 

188 

259 

37 

403 

92 

259 

227 

189 

261 

38 

405 

91 

261 

225 

189 

263 

39 

408 

91 

263 

223 

190 

265 

40 

411 

90 

266 

220 

190 

267 
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APPENDIX  III 

Crown  Component  Fractions 


TABLE  13. — Fraction  of  crown   (live  and  dead  branchwood  and  foliage)   comprised 
of  foliage  and  branchwood  by  size  class 


Species 

D.b.h. 

PP 

WL 

DF 

GF 

AF 

ES 

LP 

WP 

WC 

WH 

(inches) 

FOLIAGE 

0-  0.9 

0.57 

0.40 

0.52 

0.62 

0.62   0 

.62 

0.52 

0.52 

0.62 

0.62 

1-  2.9 

.49 

.32 

.46 

.59 

.55 

.55 

.46 

.51 

.58 

.51 

3-  4.9 

.44 

.29 

.43 

.54 

.49 

.50 

.41 

.47 

.55 

.47 

5-  6.9 

.39 

.27 

.41 

.50 

.45 

.47 

.37 

.43 

.51 

.43 

7-10.9 

.33 

.23 

.37 

.44 

.37 

.42 

.32 

.38 

.46 

.38 

11-14.9 

.27 

.20 

.32 

.37 

.29 

.36 

.28 

.32 

.40 

.33 

15-18.9 

.21 

.17 

.28 

.30 

.22 

.31 

.24 

.27 

.35 

.28 

19-22.9 

.17 

.14 

.25 

.27 

.19 

.25 

.20 

.23 

.30 

.23 

23-26.9 

.14 

.12 

.22 

.25 

.16 

.21 

.16 

.20 

.26 

.20 

27-30.9 

.11 

.10 

.20 

.23 

.14 

.18 

.13 

.17 

.22 

.17 

31-34.9 

.09 

.08 

.18 

.22 

.15 

.14 

.19 

.14 

35-38.9 

.07 

.07 

.16 

.20 

.12 

.12 

.16 

.12 

BRANCHWOOD  0  to  0.25  INCH 


0-  0.9 

.14 

.42 

.27 

.26 

.26 

.26 

.27 

.27 

.26 

.26 

1-  2.9 

.08 

.37 

.24 

.23 

.26 

.26 

.29 

.26 

.14 

.26 

3-4.9 

.06 

.35 

.23 

.21 

.25 

.26 

.29 

.25 

.13 

.25 

5-  6.9 

.05 

.33 

.21 

.20 

.24 

.25 

.28 

.24 

.12 

.23 

7-10.9 

.04 

.30 

.20 

.18 

.22 

.23 

.26 

.23 

.11 

.20 

11-14.9 

.03 

.27 

.17 

.15 

.20 

.22 

.23 

.22 

.10 

.17 

15-18.9 

.02 

.24 

.16 

.12 

.19 

.20 

.22 

.21 

.08 

.14 

19-22.9 

.01 

.21 

.14 

.10 

.17 

.18 

.21 

.21 

.07 

.12 

23-26.9 

.01 

.18 

.13 

.09 

.15 

.17 

.20 

.20 

.06 

.10 

27-30.9 

.01 

.16 

.12 

.08 

.13 

.15 

.19 

.19 

.05 

.08 

31-34.9 

.01 

.14 

.11 

.07 

.14 

.18 

.05 

.07 

35-38.9 

.01 

.13 

.10 

.07 

.13 

.17 

.04 

.05 

(con. ) 
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TABLE  13. --Continued 


D.b.h. 
(inches) 


PP 


WL 


DF 


GF 


Species 


AF 


ES 


LP 


WP 


WC 


WH 


BRANCHWOOD  0.25  to  1  INCH 


0-   0.9 

0.29 

0.18 

0.21 

0.12 

0.12 

0.12 

0.21 

0.21 

0.12 

0.12 

1-    2.9 

.36 

.31 

.30 

.19 

.19 

.19 

.25 

.23 

.28 

.23 

3-   4.9 

.37 

.32 

.31 

.20 

.24 

.22 

.29 

.26 

.29 

.25 

5-    6.9 

.38 

.33 

.32 

.23 

.27 

.23 

.32 

.28 

.30 

.25 

7-10.9 

.38 

.33 

.33 

.27 

.34 

.25 

.34 

.29 

.30 

.26 

11-14.9 

.36 

.33 

.33 

.31 

.41 

.27 

.29 

.30 

.29 

.27 

15-18.9 

.34 

.33 

.31 

.34 

.47 

.28 

.26 

.31 

.27 

.27 

19-22.9 

.31 

.33 

.28 

.32 

.49 

.29 

.25 

.31 

.25 

.26 

23-26.9 

.27 

.32 

.24 

.28 

.50 

.30 

.25 

.31 

.23 

.25 

27-30.9 

.23 

.31 

.20 

.25 

.51 

.29 

.25 

.31 

.21 

.24 

31-34.9 

.18 

.30 

.17 

.21 

.29 

.32 

.18 

.23 

35-38.9 

.13 

.28 

.13 

.17 

.28 

.31 

.16 

.22 

BRANCHWOOD  1  to  3  INCHES 


0-    0.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1-    2.9 

.07 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3-   4.9 

.13 

.04 

.03 

.03 

.02 

.02 

.01 

.02 

.03 

.03 

5-   6.9 

.18 

.07 

.06 

.07 

.04 

.05 

.03 

.05 

.07 

.09 

7-10.9 

.22 

.14 

.10 

.11 

.07 

.10 

.08 

.10 

.13 

.16 

11-14.9 

.27 

.18 

.18 

.17 

.10 

.15 

.20 

.16 

.21 

.23 

15-18.9 

.31 

.23 

.24 

.24 

.12 

.21 

.28 

.21 

.30 

.31 

19-22.9 

.35 

.28 

.32 

.31 

.15 

.28 

.34 

.25 

.38 

.39 

23-26.9 

.39 

.33 

.39 

.38 

.19 

.32 

.39 

.29 

.45 

.45 

27-30.9 

.42 

.38 

.46 

.44 

.22 

.38 

.43 

.33 

.52 

.51 

31-34.9 

.45 

.42 

.51 

.50 

.42 

.36 

.58 

.56 

35-38.9 

.48 

.46 

.58 

.56 

.47 

.39 

.64 

.61 

BRANCHWOOD  3+  INCHES 


1-    2.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3-   4.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5-    6.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7-10.9 

.03 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11-14.9 

.07 

.02 

0 

0 

0 

0 

0 

0 

0 

0 

15-18.9 

.12 

.03 

.01 

0 

0 

c 

0 

0 

0 

0 

19-22.9 

.16 

.04 

.01 

0 

0 

0 

0 

0 

0 

0 

23-26.9 

.19 

.05 

.02 

0 

0 

0 

0 

0 

0 

0 

27-30.9 

.23 

.05 

.02 

0 

0 

0 

0 

0 

0 

0 

31-34.9 

.27 

.06 

.03 

0 

0 

0 

0 

0 

35-38.9 

.31 

.06 

.03 

0 

0 

0 

0 

0 

31 


APPENDIX  IV 

Unmerchantable  Tip  Weights 


Weights  of  unmerchantable  bole  tips  (table  14)  were  determined  by  adding  together 
separate  estimates  of  wood  and  bark.   Wood  weight  was  determined  using  Faurot's  (see 
footnote  2)  equations  to  estimate  volume  and  wood  densities  from  table  9  to  convert 
volume  to  weight. 

Faurot's  equations  were  developed  for  lodgepole  pine,  ponderosa  pine,  western 
larch,  and  Douglas-fir.   Comparisons  of  volumes  among  species  showed  that  differences 
were  small  and  that  volume  estimates  for  Douglas-fir  were  intermediate  among  the  four 
species  studied.   On  this  basis,  Douglas-fir  volume  equations  were  chosen  to  represent 
species  not  included  in  Faurot's  work. 

Solution  of  Faurot's  equations  required  an  estimate  of  height,  which  was  provided 
by  the  equations  in  table  15.   To  avoid  unreasonable  extension  of  Faurot's  equations, 
tip  weights  for  trees  24  inches  d.b.h.  or  larger  are  assumed  to  be  the  same. 
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TABLE  14. --Weight  of  unmerchantable  bole  tips  including  wood  and  bark 


D.b.h. 
(inches) 

Species 

:    pp 

:     LP 

:     WL 

:    df 

:    gf 

:     AF 

:  wc  : 

WP 

:  WH 

ES 

3-INCH 

TIP 

4 

10.7 

12.4 

18.1 

12.6 

11.0 

8.7 

8.2 

11.0 

12.6 

9.5 

6 

8.0 

8.8 

13.1 

9.6 

8.7 

6.7 

6.3 

8.7 

9.8 

7.4 

8 

6.8 

7.0 

10.9 

8.1 

7.6 

5.7 

5.4 

7.7 

8.6 

6.3 

10 

6.0 

6.0 

9.7 

7.3 

7.1 

5.1 

4.9 

7.1 

7.8 

5.8 

12 

5.5 

5.2 

9.0 

6.8 

6.7 

4.8 

4.6 

6.7 

7.4 

5.4 

14 

5.2 

4.7 

8.5 

6.4 

6.5 

4.5 

4.4 

6.4 

7.0 

5.1 

16 

4.9 

4.3 

8.1 

6.1 

6.4 

4.3 

4.2 

6.3 

6.8 

4.9 

18 

4.7 

3.9 

7.9 

5.9 

6.3 

4.1 

4.1 

6.1 

6.6 

4.8 

20 

4.6 

3.7 

7.7 

5.8 

6.3 

4.0 

4.1 

6.1 

6.5 

4.7 

22 

4.4 

3.4 

7.5 

5.7 

6.2 

3.9 

4.0 

6.0 

6.4 

4.6 

24 

4.3 

3.2 

7.4 

5.6 

6.3 
4-INCH 

3.9 
TIP 

4.0 

6.0 

6.4 

4.5 

4 

34.2 

35.2 

56.9 

37.9 

33.0 

26.4 

24.7 

33.0 

37.7 

28.6 

6 

24.1 

24.4 

38.4 

27.2 

24.5 

19.0 

17.8 

24.7 

27.8 

20.9 

8 

19.3 

19.1 

30.5 

22.1 

20.6 

15.5 

14.6 

20.7 

23.1 

17.3 

10 

16.5 

15.9 

26.1 

19.2 

18.4 

13.5 

12.8 

18.4 

20.4 

15.1 

12 

14.7 

13.8 

23.4 

17.3 

17.0 

12.2 

11.7 

16.9 

18.6 

13.7 

14 

13.3 

12.2 

21.6 

16.0 

16.1 

11.2 

10.9 

15.9 

17.4 

12.7 

16 

12.3 

11.0 

20.2 

15.0 

15.4 

10.5 

10.3 

15.1 

16.4 

12.0 

18 

11.5 

10.1 

19.2 

14.2 

14.9 

9.9 

9.9 

14.5 

15.7 

11.4 

20 

10.9 

9.3 

18.5 

13.6 

14.5 

9.5 

9.5 

14.0 

15.2 

11.0 

22 

10.4 

8.7 

17.9 

13.1 

14.2 

9.1 

9.3 

13.6 

14.7 

10.6 

24 

10.0 

8.1 

17.4 

12.7 

14.0 
6-INCFi 

8.8 
TIP 

9.1 

13.3 

14.3 

10.3 

6 

119.0 

128.5 

198.6 

130.6 

118.3 

91.3 

85.5 

119.6 

134.6 

100.4 

8 

88.8 

91.3 

143.5 

98.9 

92.8 

69.3 

65.3 

93.5 

104.2 

77.1 

10 

71.9 

70.5 

114.2 

81.1 

78.5 

56.9 

54.2 

78.7 

87.0 

64.0 

12 

61.2 

57.4 

96.0 

69.9 

69.5 

49.0 

47.2 

69.2 

76.0 

55.5 

14 

53.8 

48.3 

83.8 

62.1 

63.4 

43.5 

42.4 

62.6 

68.3 

49.6 

16 

48.4 

41.7 

75.0 

56.3 

58.9 

39.4 

38.9 

57.8 

62.7 

45.3 

18 

44.2 

36.7 

68.4 

52.0 

55.5 

36.3 

36.3 

54.0 

58.4 

42.0 

20 

40.9 

32.8 

63.2 

48.5 

52.9 

33.8 

34.3 

51.1 

54.9 

39.3 

22 

38.3 

29.6 

59.1 

45.7 

50.8 

31.8 

32.6 

48.7 

52.2 

37.2 

24 

36.0 

27.0 

55.7 

43.4 

49.1 

30.1 

31.3 

46.8 

49.9 

35.4 
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SLE  15. --Height-d.b.h.   relationships  for  trees  from  a  variety  of  site  indexes  and 
stand  densities 


Number 

Standard 

Species 

of 

Function 

L 

R2 

error  of 

trees 

estimate 

derosa  pine 

39 

h 

. 

•43.86 

+ 

39.31 

d0-40U0 

0.90 

12.0 

tern  larch 

52 

h 

=  - 

•51.01 

+ 

49.10 

jO-i+065 

.92 

11.7 

gepole  pine 

51 

h 

=  327.76 

- 

333.52 

d-0.1124        g2 

5.2 

tern  white  pir 

le       48 

h 

=  - 

■37.75 

+ 

35.98 

d0-i+961 

.97 

7.7 

nd  fir 

40 

h 

=  - 

■23.11 

+ 

22.51 

d0-6166 

.95 

11.4 

glas-fir 

43 

h 

=  - 

■26.68 

+ 

29.42 

d0-4697 

.94 

8.3 

tern  redcedar 

37 

h 

=  - 

■15.40 

+ 

18.80 

d0-6039 

.98 

6.1 

tern  hemlock 

35 

h 

=  - 

35.84 

+ 

35.44 

d0-U775 

.95 

10.1 

elmann  spruce 

34 

h 

=  - 

•37.84 

+ 

34.49 

d0-U551 

.93 

10.8 

alpine  fir2 

82 

h 

=  - 

■38.43 

+ 

37 .  08 

d0-4167 

.91 

10.4 

*d  =  d.b.h.,  inches;  h  =  height,  feet. 

2This  equation  is  based  on  data  for  Douglas-fir,  ponderosa  pine,  and  subalpine  fir. 


Bark  weight  was  determined  by  multiplying  ratios  of  bark  weight-to-wood  weight  (R) 
les  estimates  of  wood  weight.   The  ratios  R  were  calculated  from: 


:  P, 


TTd.22, 

1 

4 


i&-^v-m-H&->) 


(4) 


;re 


p,  =  density  of  bark,  lb/ft3 
p  =  density  of  wood,  lb/ft3 
d   =  diameter  outside  bark,  ft 
d.  =  diameter  inside  bark,  ft 
I   =  length  of  cylindrical  tree  piece,  ft 

Data  on  diameters  inside  and  outside  bark  were  supplied  by  Faurot  and  James 
Lckell,  USDA  Forest  Service,  Intermountain  Forest  and  Range  Experiment  Station, 
isurements  along  the  entire  tree  length  were  used  in  the  analysis.   Values  of  R  varied 
)stantially.   Average  R  was  greater  for  tip  sections  than  entire  trees;  however, 
Lues  for  entire  trees  were  used  to  represent  tips  because  the  values  seemed  more  re- 
ible  than  those  from  the  limited  data  for  tip  sections. 


Values  of  bark  density  were  obtained  from  Smith  and  Kozak  (1971) 
calculate  the  ratios  R  are  in  table  16. 


Values  used 
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TABLE  16. --Wood  densities,  bark  densities,  bark  volume  to  stem  volume  ratios,  and 
bark  weight  to  stem  weight  ratios  used  in  estimating  weights  of  unmer- 
chantable bole  tips 


Species 


Wood 
density 


Bark 
density 


Bark  volume1 
Stem  volume 


Bark  weight2 
Stem  weight 


Lb /ft' 


Lb/ ft' 


Ponderosa  pine 
Lodgepole  pine 
Western  white  pine 
Douglas-fir 
Subalpine  fir 
Grand  fir 
Western  larch 
Western  hemlock 
Western  redcedar 
Engelmann  spruce 


25.0 

21.8 

0.24 

0.209 

25.6 

26.5 

.11 

.114 

23.7 

26.2 

.21 

.232 

30.0 

27.4 

.19 

.174 

20.0 

3 

3 

.260 

23.1 

37.4 

.20 

.324 

32.4 

24.3 

.24 

.180 

28.1 

31.2 

.18 

.200 

20.0 

23.1 

.15 

.173 

21.8 

30.6 

.19 

.267 

1 (d  2/d.2)-l  from  equation  (4). 

2R  from  equation  (4). 
Considered  same  as  Douglas-fir. 
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Headquarters  for  the  Intermountain  Forest  and 
Range  Experiment  Station  are  in  Ogden,  Utah. 
Field  programs  and  research  work  units  are 
maintained  in: 

Billings,  Montana 

Boise,  Idaho 

Bozeman,    Montana    (in   cooperation   with 

Montana  State  University) 
Logan,  Utah  (in  cooperation  with  Utah  State 

University) 
Missoula,    Montana    (in   cooperation   with 

University  of  Montana) 
Moscow,    Idaho    (in   cooperation   with  the 

University  of  Idaho) 
Provo,  Utah  (in  cooperation  with  Brigham 

Young  University) 
Reno,      Nevada    (in   cooperation   with   the 

University  of  Nevada) 
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Total 
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(1)  Cutting 

(2)  Trampling 

(3)  Breakage 

Pounds/acre 

Tons/acre 

Pounds/acre 

Tons/acre 

Pounds/acre 

Tons  /acre 

Predicted  weight,  (1)  +  (2)  +  (3)  Tons/acre 
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RESEARCH  SUMMARY 

The  1978  National  Fire-Danger  Rating  System  (NFDRS)  updates  the 
danger  rating  system  developed  in  the  early  1970 's  and  published  by 
Deeming  and  others  in  1972.    Numerous  changes  have  been  made  to 
correct  deficiencies  and  to  incorporate  new  technology.    The  most 
significant  of  the  changes  are: 

1.  Improving  the  response  to  drought. 

2.  Increasing  the  sensitivity  of  the  ratings,  particularly  in  the 
lower  fire-danger  ranges. 

3.  Reflecting  the  effect  of  changing  day  length  on  burning  conditions. 

4.  Improved  accounting  of  fuels  through  improvement  of  the  existing 
fuel  models  and  the  addition  of  the  11  more  fuel  models. 

5.  Separating  the  occurrence  indexes  for  man-caused  and  lightning- 
caused  fires. 

6.  Developing  predictive  models  for  the  moisture  contents  of  live 
grasses  and  forbs,  and  woody  shrubs. 


The  results  of  this  work  are  presented  in  two  publications.    This 
publication  covers  the  general  information  on  the  NFDRS  and  its  applica- 
tion; a  second  publication  (Burgan  and  others  1977)  contains  the  nomograms 
and  directions  for  calculating  fire-danger  ratings  manually. 
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PREFACE 

At  the  time  of  this  writing,  the  spring  of  1977,  the  1972  version  of  the  National 
Fire-Danger  Rating  System  (Deeming  and  others  1972)  is  being  used  by  all  Federal 
agencies  and  35  State  agencies  charged  with  forest  and  rangeland  fire  protection. 
During  the  summer  of  1976,  data  from  more  than  800  fire-danger  rating  stations 
were  processed  through  the  interactive  computer  program  AFFIRMS  (Helfman  and 
others  1975;  Deeming  1975;  Straub  1975)  and  half  again  as  much  data  were  proc- 
essed manually  each  day. 

But  things  have  changed  since  1972.     Knowledge  of  combustion  physics,  wild- 
land  fuels,  and  the  factors  that  influence  the  occurrence  of  forest  and  rangeland 
fires  is  expanding.    And  experience  with  the  1972  NFDRS  has  highlighted  problems 
in  the  System  that  need  attention. 

All  of  this  was  anticipated  at  the  time  the  1972  NFDRS  was  released  for  field 
use.     Plans  were  made  at  that  time  for  an  update  of  the  System  in  197  8  that  would 
correct  deficiencies  and  incorporate  new  research.     That  update  is  documented 
in  this  report. 

This  work  was  done  under  the  direction  of  a  technical  committee  chartered 
in  1974  by  the  Chief  of  the  Forest  Service.     The  NFDRS  Technical  Committee 
membership  was  of  USDA  Forest  Service  research  and  forest  systems  personnel, 
and  fire  managers  from  the  Bureau  of  Land  Management,  and  the  States  of  Penn- 
sylvania, North  Carolina,  and  Oregon. 

The  results  of  this  effort  are  presented  in  two  publications.     This  publication 
covers  basic  instructions  for  applying  and  interpreting  the  NFDRS.    A  separate 
publication,  Manually  Calculating  Fire-Danger  Ratings — 197  8  National  Fire- 
Danger  Rating  System  (Burgan  and  others  1977),  is  intended  for  those  who  do  not 
utilize  AFFIRMS.    It  contains  the  nomograms  and  directions  for  manually  calcula- 
ting fire-danger  ratings. 

Instructions  covering  the  few  procedural  changes  for  AFFIRMS  will  be  dis- 
tributed to  AFFIRMS  users  as  amendments  to  the  AFFIRMS  User  Guide  (Helfman 
and  others  1975). 


UPDATING  THE  NATIONAL  FIRE-DANGER 
RATING  SYSTEM 


The  principal  problem  areas  to  be  addressed  in  the  updating  effort  were: 

1.  The  need  to  improve  the  response  of  the  NFDRS  to  drought. 

2.  The  lack  of  sensitivity  of  the  ratings,  particularly  in  the  lower  fire- 
danger  ranges. 

3.  The  lack  of  response  of  the  NFDRS  ratings  to  changing  day  length. 

4.  The  inadequate  representation  of  fuels  by  the  nine  available  fuel  models. 

5.  The  need  to  develop  a  fire  occurrence  index  that  would  provide  the  fire 
manager  with  reliable  information  on  fire  incidence. 

6.  The  need  for  a  better  way  to  assess  the  condition  of  the  live  fuels: 
grasses,  forbs,  and  woody  shrubs. 

7.  Three  slope  classes  were  not  sufficient  to  properly  describe  the  terrain 
in  some  areas  of  the  West. 

In  addition  to  addressing  these  specific  problems,  a  more  general  objective  was  to 
^corporate  the  latest  relevant  developments  in  fire  modeling,  forest  fuels,  and  fire 
:currence  research.   The  following  section  tells  briefly  how  these  problems  were 
olved.   (See  appendix  A  for  definition  of  abbreviations  and  terms.) 

Response  to  Drought 

Because  the  largest  fuel  considered  in  the  1972  NFDRS  has  only  a  100-hour  moisture 
imelag,  the  NFDRS  indexes  and  components  are  not  influenced  by  extended  periods  of 
slow  average  precipitation.   The  initial  problem  was  to  determine  the  avenue  by  which 
Dng-term  drying  affects  fire  behavior. 

The  most  obvious  response  to  long-term  drying  that  affects  fire  behavior  is  the 
ecrease  in  moisture  content  of  the  live  fuels  —  grasses,  forbs,  and  the  twigs  and 
bliage  of  woody  shrub  species.   In  addition,  dead  fuels  up  to  6  inches  in  diameter 
!l, 000-hour  timelag  class)  that  do  respond  to  long-term  drying  were  incorporated  in 
hose  fuel  models  where  it  was  realistic  to  do  so. 

Sensitivity  of  Ratings 

The  problem  has  been  solved  by  not  restricting  the  burning  index  (BI) ,  energy 
elease  component  (ERC) ,  and  spread  component  (SC)  to  0  to  100  scales.   The  SC  is 
tumerically  equal  to  the  theoretical  rate  of  spread  in  feet  per  minute;  and  the  ERC  is 
umerically  equal  to  the  available  energy  in  Btu's  per  square  foot  divided  by  25.   The 
•I  has  been  scaled  so  that  it  equals  10  times  the  predicted  flame  length. 

The  results  have  been  a  fivefold  increase  in  the  sensitivity  of  the  SC;  the  BI  is 
hree  times  as  sensitive;  and  the  ERC  is  about  twice  as  sensitive. 


Fuel  Models 

In  the  1972  NFDRS,  the  user  is  given  a  choice  of  nine  fuel  models.  Many  users 
feel  that  fuels  in  their  areas  are  not  adequately  represented;  others,  on  the  other 
hand,  are  of  the  opinion  that  such  a  range  of  choices  is  not  needed  to  rate  fire  dangei, 

The  set  of  fuel  models  has  been  increased  to  20.  Twenty  models  should  adequately! 
represent  the  fuels  that  must  be  dealt  with  in  the  United  States. 

Fire  Occurrence  Models 

Because  of  the  dissimilarities  of  the  causative  firebrands  and  the  fuels  where  thl 
fires  typically  start,  man-caused  and  lightning-caused  fires  are  considered  separately! 
The  structure  of  the  occurrence  module  has  been  modified  with  separate  occurrence 
indexes  for  man-caused  and  lightning-caused  fires. 

The  Man-Caused  Five  Occurrence  Index   CMC) I) 

The  MCOI  is  derived  from  the  man-caused  risk  (MCR)  and  the  ignition  component  (ICj, 
The  MCR  appears  essentially  the  same  as  in  the  1972  NFDRS.   However,  it  incorporates 
factors  derived  from  local  fire  and  fire  weather  records  that  make  the  MCOI  a  much 
improved  indicator  of  fire  occurrence. 

Lightning -Caused  Fire  Occurrence  Index  CLOI) 

The  lightning-caused  fire  occurrence  index  is  derived  from  lightning  risk  (LR)  andi 
the  IC.   LR  is  based  on  a  subjective  assessment  of  lightning  and  thunderstorm  activity!' 
and  a  factor  calculated  from  local  records  of  thunderstorms  and  lightning  fires.   The 
LR  scaling  factor,  as  it  is  called,  will  fit  the  predictions  of  the  lightning  fire 
occurrence  model  to  local  conditions. 

Six  lightning  activity  levels  (LAL)  are  available  to  choose  from.  LAL's  1  through 
5  are  similar  to  those  in  the  1972  NFDRS,  but  the  basis  for  selection  has  been  expanded 
LAL  6  was  added  to  flag  emergency  level  lightning  fire  activity. 

Seasonality  of  Ratings 

The  1972  NFDRS  tends  to  overrate  fire  danger  during  the  early  spring,  late  summer, 
and  fall,  particularly  in  Alaska  and  the  more  northern  of  the  lower  48  States.   The  pre 
lem  was  to  account  for  the  seasonal  and  latitudinal  variation  of  insolation  and  its 
effect  on  the  moisture  exchange  processes. 

To  this  end  we  have  made  several  changes.   Instead  of  using  a  simple  average  of 
the  24-hour  maximum  and  minimum  equilibrium  moisture  contents  in  calculating  the  100-h 
TL  and  1,000-h  TL  FM's,  an  average,  weighted  by  day  length,  is  used  to  characterize 
the  "drying  power"  of  the  day.   As  the  period  of  daylight  shortens,  the  nighttime  con- 
ditions are  given  increasing  weight,  thus  promoting  recovery  in  the  predicted  moisture 
content  of  the  heavy  fuels. 

The  fuel  moisture  analog  (half-inch  sticks)  value  is  used  for  the  calculation  of 
10-h  TL  FM  and  is  now  weighted  into  the  calculation  of  the  1-h  TL  FM.   The  analog  pro- 
vides a  straightforward  solution  because  the  seasonally  induced  effects  are  automati- 
cally integrated  in  the  fuel  stick  response. 

Insufficient  Terrain  Definition 

In  the  1972  NFDRS,  three  slope  classes  are  used:   0-20  percent,  21-40  percent,  am 
greater  than  40  percent.   This  is  not  sufficient  for  mountainous  areas  where  slopes  up 
to  100  percent  are  commonly  encountered.   The  number  of  slope  classes  has  been  increaS'  <, 
to  five,  with  90  percent  the  midpoint  of  slope  class  5. 


PRINCIPLES  OF  THE 
NATIONAL  FIRE-DANGER  RATING  SYSTEM 


To  use  the  NFDRS  effectively,  one  must  know  what  it  will  do  and  will  not  do.   The 
basic  principles  of  the  NFDRS  are  as  follows: 

1.  The  NFDRS  relates  only  to  the  potential  of  the  initiating  fire.   An  initiating 
fire  is  one  that  does  not  behave  erratically;  it  spreads  without  spotting  through  con- 
tinuous ground  fuels.   Crowning  and  spotting  are  not  now  addressed.   However,  experience 
with  the  NFDRS  will  enable  users  to  identify  the  critical  levels  of  fire  danger  when 
such  behavior  is  highly  probable. 

2.  The  System  only  addresses  those  aspects  of  fire  control  strategy  affected  by 
fire  occurrence  and  behavior.   The  concept  of  containment,  as  opposed  to  extinguishment, 
is  basic  because  it  allows  us  to  limit  the  scope  of  the  rating  problem  to  the  behavior 
potential  of  the  headfire.   Other  aspects  of  the  containment  job  such  as  accessibility, 
soil  condition,  and  resistance  to  line  construction  must  be  evaluated  by  other  means. 

3.  The  ratings  are  relative,  not  absolute.   Wherever  possible,  we  have  structured 
the  component  or  index  so  that  it  is  linearly  related  to  the  particular  aspect  of  the 
fire  problem  being  rated.   Thus,  when  the  value  of  a  component  or  index  doubles,  the 
fire  manager  should  expect  a  doubling  of  the  rated  activity  relative  to  what  has  been 
recently  observed.  The  BI  is  an  exception  that  will  be  addressed  later*. 

4.  Fire  danger  is  rated  from  a  worst  case   approach.   Fire  weather  is  measured  at 
the  time  of  day  when  fire  danger  is  normally  the  highest;  and  wherever  possible,  in  the 
open  at  midslope  on  southerly  or  westerly  exposures.   This  important  principle  must  be 
understood  if  fire-danger  ratings  are  to  be  properly  interpreted. 

What  if  a  fire  occurs  before  or  after  the  peak  of  the  burning  period?  Or  at  a 
location  other  than  midslope  on  a  southerly  aspect?  The  odds  are  overwhelmingly  against 

I  the  behavior  of  a  particular  fire  equaling  or  exceeding  that  indicated  by  the  ratings. 

:The  fire  behavior  components  computed  for  a  day  characterized  by  normal  diurnal  patterns 
of  relative  humidity,  temperature,  and  wind  define  the  approximate  upper  limit  of 
behavior. 

By  chance,  there  will  always  be  fires  that  exceed  the  indicators  because  one  ob- 
servation per  day  per  100,000  or  more  acres  is  a  thin  sample.  Conditions  more  severe 
than  those  represented  by  the  fire  weather  observation  are  sure  to  exist. 


The  term  average  worst,  long  heard  among  fire  managers,  was  first  used  by  Gisborne 
(1936)  and  Hayes  (1944)  to  denote  the  average  of  fire-danger  ratings  computed  from  sev- 
eral sets  of  fire  weather  data.   This  average  answered  the  need  to  combine  several  sets 
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Figure  1. — Theoretical  frequency  distribu- 
tion of  unit  area  fire  potentials  for  a 
24-hour  -period.     The  behavior  of  fires 
started  randomly  over  a  fire-danger 
rating  area  without  regard  for  time  of 
day,    slope  position,   or  aspect  would  be 
distributed  in  a  manner  similar  to  this 
curve.     Five-danger  stations  A,   B,   and 
C  would  indicate  relatively  high  poten- 
tial because  the  data  are  collected  in 
the  afternoon  on  the  more  severe  sites. 
(D  is  the  average  of  A,   B,   and  C. )     The 
majority  of  fires,   by  far,   will  behave 
less  severely  than  fire-danger  data 
indicate. 
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of  data  into  a  single  set  that  the  decisionmaker  could  readily  use.   What  does  "average 
worst"  actually  mean?   If  one  could  compute  a  set  of  fire-danger  ratings  for  every  acre 
of  a  protection  unit  every  half-hour,  those  ratings  would  be  distributed  approximately 
as  in  figure  1.  Most  of  the  ratings  would  indicate  relatively  low  fire  potential, 
skewing  the  distribution  toward  the  low  side. 

Locate  the  ratings  computed  from  data  taken  at  three  hypothetical  fire  weather 
stations  A,  B,  and  C  at  basic  observation  time.   D  is  the  average  of  A,  B,  and  C, 
hence  defines  average  worst,   the  level  the  fire  manager  would  prepare  for. 

The  area  under  the  curve  to  the  right  of  D  represents  the  probability  that  a 
specific  fire  will  burn  under  conditions  more  severe  than  the  fire  suppression  organi- 
zation is  prepared  for.   A  protection  agency  cannot  afford  to  protect  at  the  level 
indicated  by  C,  so  it  must  gamble  that  a  fire  will  not  occur  under  those  conditions. 
Sometimes  a  fire  does  occur  and  the  gamble  does  not  pay  off. 

We  do  not  know  the  probability  of  such  an  event  happening.   The  probability  is  low 
however,  because  we  rate  fire  danger  for  the  worst  possible  conditions--on  south  or 
southwesterly  aspects,  and  so  on. 

The  main  point  is  this:  the  NFDRS  will  not  predict  how  every  fire  will  behave. 
Other  systems  fill  this  need  (Albini  1976b;  Van  Gelder1) .   The  NFDRS  is  intended  to  pro 
vide  guidance  for  short  range  planning.  It  evaluates  the  near  upper  limit  of  the  be- 
havior of  fires  that  might  occur  on  a  rating  area  during  the  rating  period. 


i 

Van  Gelder,  Randall  J.  Firecasting--the  next  generation  of  fire-danger  rating' 
USDA  For.  Serv.  Res.  Note  [in  preparation].  Pac.  Southwest  For.  and  Range  Exp.  Stn., 
Berkeley,  California. 


STRUCTURE  OF  THE  NATIONAL  FIRE-DANGER 

RATING  SYSTEM 


The  System  (fig.  2)  provides  four  indexes  to  aid  in  planning  fire  control  activities. 
jThey  are:  the  man-caused  fire  occurrence  index  (MCOI) ,  the  lightning-caused  fire  occur- 
rence index  (LOI) ,  the  burning  index  (BI),  and  the  fire  load  index  (FLI) . 

The  MCOI  is  derived  from  the  man-caused  risk  (MCR) ,  an  assessment  of  the  status  of 
man-caused  fire  sources  in  a  rating  area,  and  the  ignition  component  (IC),  an  expression 
of  the  likelihood  that  a  firebrand  will  cause  a  reportable  fire. 

The  lightning-fire  occurrence  index  (LOI)  is  similar  in  concept  to  the  MCOI.   It 
is  derived  from  the  IC  and  lightning  risk  (LR) ,  an  indicator  of  thunderstorm  activity. 
Both  01 's  are  interpretable  in  terms  of  expected  numbers  of  fires  on  the  rating  area. 

The  BI  is  derived  from  the  spread  and  energy  release  components  (SC  and  ERC) .   The 
rate  of  fire  spread  and  the  energy  released  in  the  flaming  zone,  considered  together, 
are  the  means  of  rating  the  difficulty  of  containment.   The  BI  is  linearly  related  to 
the  length  of  flames  at  the  head  of  the  fire.   It  is  calculated  from  the  SC  and  ERC 
using  the  relationships  originally  developed  by  Byram  for  calculating  flame  length 
(Byram  1959,  p.  82) . 

A  measure  of  the  difficulty  of  containing  a  single  fire  (the  BI),  combined  with 
the  probable  number  of  fires  as  projected  by  the  MCOI  and  LOI,  produces  a  measure  of 
the  total  potential  fire  containment  job.   This  is  the  fire  load  index  (FLI).   The  FLI 
is  the  ultimate  index  of  the  NFDRS;  it  integrates  the  risk,  ignition,  and  fire  behavior 
potentials  as  evaluated  by  the  other  indexes  and  components. 

The  risk  ratings  (LR  and  MCR) ,  the  fire  occurrence  ratings  (LOI  and  MCOI) ,  the 
ignitibility  rating  (IC),  and  the  fire  load  index  are  expressed  on  scales  of  0  to  100 
just  as  in  the  1972  NFDRS.   The  SC,  ERC,  and  BI  scales  are  open-ended;  that  is,  no 
upper  limits  have  been  imposed. 
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Figure  2. — Structure  of  the  1978  National  Fire-Danger  Rating  System. 


THE  NATIONAL  FIRE-DANGER  RATING  SYSTEM 

COMPONENTS 

Risk  and  the  IC,  SC,  and  ERC  are  the  foundation  of  the  NFDRS.   These  components 
directly  address  the  problems  of  integrating  the  effects  of  fuels—quantity,  arrange- 
ment, fuel  particle  geometry  and  chemistry- -fuel  moisture,  wind,  topography  and  state 
pf  fire-starting  agents.   Because  of  their  basic  importance  to  the  NFDRS,  a  closer 
look  is  warranted.   The  components  can  be  subdivided  into  those  that  deal  with  fire 
[behavior  potential  and  those  that  deal  with  fire  occurrence. 

Fire  Behavior  Potential 

To  successfully  rate  fire  danger,  a  realistic  appraisal  of  the  behavior  potential 
pf  possible  fires  is  essential.  For  control  planning,  the  first  consideration  is  rate 
pf  spread.  The  spread  component  is  directed  at  this  need. 

A  second  basic  consideration  is  the  potential  amount  of  energy  that  can  be  released 
in  a  passing  fire.   This  is  indicated  by  the  energy  release  component. 

Combined  in  the  BI,  these  components  provide  an  estimate  of  potential  flame  length 
and  fireline  intensity. 

Whe  Spread  Component   (SC) 

The  SC  is  based  on  a  mathematical  fire  spread  model  developed  at  the  Northern  For- 
est Fire  Laboratory  (Rothermel  1972;  Albini  1976a,  1976b).  The  spread  model  integrates 
jthe  effect  of  wind,  slope,  and  fuel  bed  and  fuel  particle  properties  to  predict  the 
'forward  rate  of  fire  spread.  The  slope  class  and  the  fuel  model  (fuel  model  specifies 
the  fuel  particle  and  fuel  bed  characteristics)  are  constants  in  the  calculation  of  the 
'SC.  The  daily  variations  of  SC  are  caused  by  the  changes  in  the  wind  and  moisture  con- 
tents of  the  live  fuels  and  the  dead  fuel  timelag  classes  of  1,  10,  and  100  h. 

The  Energy  Release  Component   (ERC) 

The  ERC  is  based  on  the  estimated  potential  available  energy  released  per  unit  area 
in  the  flaming  zone  of  the  fire.   The  ERC  is  dependent  on  the  same  fuel  characteristics 
as  the  SC;  loading,  compaction,  particle  size  (fineness),  heat  of  combustion,  and  mineral 
content.   The  day-to-day  variations  of  the  ERC  are  caused  by  changes  in  the  moisture 
contents  of  the  various  fuel  classes,  including  the  1,000-h  TL  class.   The  ERC  is  derived 
from  predictions  of  (1)  the  rate  of  heat  release  per  unit  area  during  flaming  combustion, 
and  (2)  the  duration  of  flaming. 

Fire  Occurrence 

For  effective  fire  suppression  and  prevention  one  must  estimate  not  only  the  be- 
havior of  fires  that  might  occur,   but  also  the  number  of  fires  to  expect.   In  the  NFDRS, 
the  MCOI  and  LOI  indicate  the  expected  level  of  fire  incidence. 

The  occurrence  indexes  are  derived  from  assessments  of  the  ignitibility  of  fine 
fuels  and  prevalence  of  ignition  sources  (firebrands) .   The  IC  is  a  measure  of 


ignitibility.   The  two  risk  components,  LR  and  MCR,   are  evaluations  of  the  status  of 
lightning  and  the  fire-causing  activities  of  man.   Let  us  look  at  each  in  more  detail.! 

The  Ignition  Component  (IC) 

The  IC  is  related  to  the  probability  of  a  firebrand  producing  a  fire  that  will  re- 
quire suppression  action.   Ignition  occurs  in  four  phases:  (1)  the  firebrand  comes  in 
contact  with  the  dead  fine  fuel;  (2)  the  moisture  in  the  fuel  particle  is  driven  off; 
(3)  the  temperature  of  the  fuel  particle  is  raised  to  the  point  where  pyrolysis  begins-] 
200°  to  250°C  (390°  to  480°F) ;  and  (4)  ignition  occurs  when  the  fuel  and  the  pyrolyticl 
gases  are  heated  to  approximately  320°C  (610°F) . 

The  probability  that  a  firebrand  will  ignite  fuels  is  mainly  a  function  of  (1) 
dead  fine  fuel  moisture  content-- (1-h  TL  FM) ;  (2)  dead  fine  fuel  temperature;  (3)  the 
surface  area-to-volume  ratio  (fineness)  of  the  fuel  elements;  (4)  the  compactness  of 
the  fuel  bed;  and  (5)  firebrand  characteristics  such  as  temperature,  rate  of  heat  re- 
leased, the  length  of  time  it  will  burn,  and  whether  it  is  glowing  or  flaming.   For 
fire-danger  rating  purposes  only  the  variability  of  the  first  two  are  considered. 

The  moisture  content  of  the  dead  component  of  the  fine  fuel  (1-h  TL  FM)  is  governei 
primarily  by  the  temperature  and  relative  humidity  of  the  air  immediately  in  contact 
with  the  fuel  particle.   In  calculating  the  1-h  TL  FM,  the  temperature  and  relative 
humidity  measured  in  the  instrument  shelter  are  adjusted  to  fuel  level.   The  extent  of 
the  adjustment  is  dependent  upon  the  amount  of  cloudiness  (Fosberg  and  Deeming  1971; 
Haltiner  1975). 

The  higher  the  initial  temperature  of  the  fuel,  the  easier  it  is  to  raise  the 
temperature  of  the  fuel  particle  to  the  kindling  point.   Just  as  in  the  calculation  of 
the  1-h  TL  FM,  a  correction  is  made  to  the  instrument  shelter  temperature  to  approximat 
the  fuel  temperature. 

The  IC  must  also  consider  the  probability  that  a  successful  ignition  will  evolve 
into  a  fire  requiring  suppression  action.   Work  in  the  northeastern  and  southeastern 
United  States  has  shown  that  the  number  of  man-caused  fires  increases  as  the  potential 
rate  of  spread  increases  (Crosby  1954;  Haines  and  others  1970).   With  the  incorporation 
of  the  spread  component  in  the  1978  NFDRS  ignition  component,  its  validity  has  been 
greatly  improved. 

Lightning  Risk   (LR) 

The  LR  has  been  designed  to  account  for  more  than  just  the  quantity  of  cloud-to- 
ground  lightning,  as  was  done  in  the  1972  NFDRS. 

Characteristics  of  regional  storms  affect  the  "efficiency"  of  lightning  as  a  fire 
starter.   For  instance,  West  Coast  and  Great  Plains  thunderstorms  are  "wetter"  than 
those  of  the  Southwest  and  the  Central  and  Northern  Rockies.   Another  example:  the 
frequency  of  "hot"  cloud-to-ground  discharges  capable  of  starting  fires  appears  to  be 
greater  in  Alaskan  storms  than  in  any  others. 

Local  and  regional  fuels  also  affect  lightning  efficiency.   The  finer  the  fuel 
particles  and  the  "fluffier"  the  fuel  bed,  the  more  susceptible  the  fuel  is  to  ignition 
by  a  lightning  stroke.   For  instance,  in  the  Northern  Rockies,  more  fires  occur  per  uni: 
area  in  ponderosa  pine  than  in  any  other  forest  cover  type  (Barrows  1951;  Barrows  and 
others2) . 


2  Barrows,  J.  S.,  D.  V.  Sandberg,  and  J.  D.  Hart.   1977.   Lightning  fires  in 
Northern  Rocky  Mountain  forests.   Final  Rep.  Coop.  Agreement  16-44-CA,  Colorado  State 
Univ.  and  Intermt.  For.  and  Range  Exp.  Stn.,  210  p.   Unpublished  report  on  file  at  the 
North.  For.  Fire  Lab.,  Missoula,  Mont. 
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To  measure  all  regional  factors  would  be  an  impossible  task.   Instead,  we  intro- 
duced a  statistic  derived  from  local  records  of  thunderstorm  and  lightning-caused 
fires,  the  lightning  risk  scaling  factor.      Details  for  its  derivation  are  included  in 
appendix  D. 

The  LR  is  derived  from  forecasts  or  observations  of  thunderstorm  activity  (light- 
ning activity  level--LAL) •   The  LR  associated  with  an  LAL  is  then  "fitted"  to  local  ex- 
perience by  applying  the  LR  scaling  factor. 

A  sixth  lightning  activity  level  has  been  added  to  those  introduced  in  the  1972 
MFDRS.   It  serves  as  a  "red  flag"  to  denote  those  extremely  dangerous  situations  that 
Dccasionally  occur  in  Alaska  and  the  wester/.  States.   When  an  LAL  6  is  specified,  the  LOI 
is  automatically  set  to  100. 

Based  on  current  data,  the  NFDRS  will  continue  to  assume  that  25  percent  of  all 
lightning-caused  fires  remain  undetected  for  at  least  24  hours. 

Man- Caused  Risk   (MCR) 

Procedures  for  estimating  man-caused  risk  remain  similar  to  those  used  in  the  1972 
MFDRS.   However,  incorporation  of  a  statistic  derived  from  local  records  of  fire  weather 
and  man-caused  fires  has  greatly  increased  the  accuracy  of  fire  occurrence  prediction 
(appendix  F) . 

No  objective  means  have  been  developed  for  determining  the  MCR.   As  in  the  1972 
MFDRS,  it  continues  to  be  based  on  the  local  fire  manager's  estimates  of  the  status  of 
fire-causing  agents.   The  scheme  is  reasonably  simple.   On  a  scale  of  1  through  5 
{daily  activity  level) ,  a  rating  is  assigned  to  activities  that  have  been  important 
(sources  {risk  sources)    of  man-caused  fires  in  the  rating  area.   The  rating  scale  is 
calibrated  to  the  level  of  activity  normal  for  that  day  of  the  week.      If  a  particular 
irisk  source  is  less  active  than  what  is  normal  for  that  day  of  the  week,  a  "None"  or 
r'Low"  daily  activity  level  may  be  assigned;  if  it  is  more  active,  a  "High"  or  "Extreme" 
daily  activity  level  may  be  assigned. 

The  contribution  that  a  particular  risk  source  makes  to  the  final  MCR  value  is 
eighted  according  to  the  proportion  of  the  historical  man-caused  fires  occurring  on 
(that  day  of  the  week  that  are  attributable  to  that  risk  source  {risk  source  ratio) . 

The  principal  risk  sources  for  the  fire  season  are  identified  by  analyzing  fire 
occurrence  records. 

Although  daily  activity  levels  may  be  similar,  actual  risk  may  vary  greatly  among 
protection  units.   Firebrands  and  fuels  differ  from  one  area  to  another.   Also,  fire 
prevention  programs  and  the  attitudes  of  the  populace  toward  fire  differ.   We  deal  with 
these  differences  as  we  did  with  lightning  risk:  develop  a  statistic  that  can  account 
for  local  factors.   The  derivation  of  the  man-caused  risk  scaling  factor   is  covered  in 
appendix  E. 

The  procedure  for  evaluating  MCR  can  be  partitioned  into  two  phases.   Phase  1 
involves  analyzing  historical  fire  weather  and  fire  occurrence  records  to  (1)  identify 
risk  sources;  (2)  determine  risk  source  ratios,  and  (3)  derive  the  MCR  scaling  factor. 

Phase  2  is  those  tasks  that  must  be  done  daily.   It  consists  of  (1)  assigning  a 
daily  activity  level  to  each  risk  source  and  (2)  computing  the  MCR. 

Appendix  E  covers  the  procedures  in  detail  and  contains  worked  examples. 


FIRE  LOAD  INDEX  (FLI) 


Stated  again,  the  FLI  is  the  culminating  index  of  the  NFDRS.   It  is  designed  to 
combine  the  projections  of  fire  occurrence  and  behavior  into  a  single  number  that  can 
be  related  to  the  total  fire  control  job. 

Because  fire  managers  have  not  agreed  on  a  common  denominator  for  measuring  the 
total  job,  the  equation  for  calculating  the  FLI  has  been  developed  intuitively.   The 
task  of  attaching  meaning  to  the  FLI  has  been  left  to  the  users.   They  will  have  to 
determine  the  relationship  between  the  FLI  and  whatever  measure  of  the  total  fire 
control  effort  they  choose. 

The  FLI  ranges  over  a  scale  of  0  to  100.  A  high  FLI  can  be  caused  by  a  projection 
of  high  fire  incidence  (LOI  +  MCOI)  or   severe  fire  behavior.   By  itself,  the  FLI  does 
not  tell  much  about  the  nature  of  the  fire  management  problem.   To  get  a  complete 
picture,  one  has  to  examine  the  components  and  indexes  that  are  the  basis  for  the  FLI. 

The  fire  load  index  is  designed  as  the  primary  manning  index  for  a  major  admin- 
istrative unit  such  as  a  county  or  National  Forest.  However,  the  mix  of  men,  ground 
equipment,  and  aircraft  needed  are  best  indicated  by  the  BI,  SC,  and  ERC. 


FUELS  IN  THE  NATIONAL  FIRE-DANGER 
RATING  SYSTEM 

Classification  of  Wildland  Fuels 

Fire  danger  varies  from  day  to  day  with  changes  in  risk,  wind,  and  moisture  con- 
tent of  fuels.  Moisture  contents  of  dead  fuels  are  controlled  by  environmental  factors 
relative  humidity,  precipitation,  and  temperature.   Moisture  levels  within  living  plant 
are  primarily  controlled  by  life  processes.  This  distinction  is  the  basis  for  the  firs 
major  divisions  in  the  NFDRS  fuel  classification  system--dead  and  live  fuels. 

Dead  fuels  are  assigned  to  subclasses  according  to  the  speed  or  timelag  (Lancastei 
1970)  with  which  the  moisture  content  of  the  individual  fuel  particle  responds  to  pre- 
cipitation, relative  humidity,  and  temperature.  The  shorter  the  timelag,  the  more 
responsive  the  fuel.   In  the  1972  NFDRS,  three  dead  fuel  classes  were  included:  1-,  10- 
and  100-hour  timelag.   For  1978,  a  fourth  class  was  added--that  of  the  1,000-hour  time- 
lag  fuel.   The  1978  NFDRS  timelag  classes  for  dead  fuels  are  shown  in  table  1. 
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Table  1.--NFDRS  dead  fuel  classes 


Fuel 


Timelag  class   :  Roundwood  (diameter)  :  Litter  (depth) 

----  -----  Inches   ------- 


1-hour  To  1/4  To  1/4 

(0-2  hours) 

10-hour  1/4  to  1  1/4  to  1 

(2-20  hours) 
100-hour  >  1  to  3  >  1  to  4 

(20-200  hours) 
1,000-hour  >  3  to  8  >  4  to  12 

(200-2,000  hours) 


Two  major  classes  of  living  fuels  are  recognized:  (1)  grasses  and  other  herbaceous 
lants  and  (2)  shrubs,  specifically  the  twigs  and  foliage.   The  herbaceous  plants  are 
ubdivided  into  annuals  and  perennials.  Annual  herbaceous  plants  are  shallow  rooted 
nd  are  the  first  to  be  affected  by  drought.   The  perennials  are  next,  and  shrubs,  which 
re  the  deepest  rooted,  are  the  least  affected.   From  the  phenological  aspect,  annuals 
omplete  their  growth  cycle  well  within  a  normal  growing  season.   They  sprout,  grow, 
roduce  seed,  and  die  before  the  first  freeze  normally  occurs.   Perennials,  on  the  other 
and,  normally  stay  green  throughout  the  growing  season  and  do  not  cure  completely  until 
emperatures  in  the  fall  get  too  low  to  sustain  growth. 

\iel  Models 

The  concept  of  fuel  models  was  first  introduced  in  the  1972  NFDRS  (Deeming  and 
)thers  1972).   That  publication,  and  another  by  Deeming  and  Brown  (1975),  explained  the 
role  of  fuel  models.  To  review  briefly,  fuel  models  were  devised  as  a  means  for  organ- 
.zing  fuels  data  for  input  into  Rothermel's  mathematical  fire  spread  model.   The  fire 
spread  model  requires  fuel  bed  properties  such  as  compactness  and  loadings  by  classes 
pf  living  and  dead  fuels;  and  fuel  particle  properties  such  as  density,  geometry,  heat 
:ontent,  and  mineral  content. 

Before  selecting  the  fuel  and  cover  types  for  the  fuel  models  We  needed  to  decide 
low  precise  the  models  had  to  be  to  achieve  the  objectives  of  f«T£  ganger  rating.   Re- 
:all  that  the  principal  objective  of  the  NFDRS  is  to  produce  information  for  presuppres- 
sion  planning.  The  target  is  large--a  fire-danger  rating  area  may  be  tens  of  thousands 
3f  acres  in  size.  And  the  period  is  long- -from  several  hours  to  i^-hours.   Because 
vind,  fuel  moisture,  and  slope  vary  so  much  within  such  a  large  area,  these  factors  are 
nore  likely  to  limit  the  accuracy  of  the  fire-danger  projections  than  the  lack  of  pre- 
ision  in  the  fuel  models. 

Since  1972,  more  has  been  learned  about  the  physical  properties  of  fuels  through 
research  and  experience.   For  1978,  we  have  increased  the  number  of  fuel  models  from 
9   to  20  and  have  improved  the  descriptors  of  the  existing  models.   To  make  the  models 
more  responsive  to  drought,  we  have  added  live  fuels  and  the  1,000-hour  timelag  fuels 
where  warranted.   Only  one  of  the  original  nine  models  has  been  deleted- -fuel  model  F. 
The  original  F  model  has  been  replaced  with  a  model  representing  intermediate  brush 
(mature  chamise  and  mixed  chaparral  less  than  6  feet  tall).   With  the  exception  of  the 
F  model,  the  original  nine  models  have  retained  the  alphabetical  designators  assigned 
in  the  1972  NFDRS. 
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Table  2. --Fuel  models  for  Climate  Class  1 


Fuel  moisture: 

1-h       10-h 

100-h 

1000-h 

Herb 

Woody 

2%        4% 

6% 

7% 

Cured 

65% 

Wind:   20  mi/h,  20  ft 
(32  km/h,  6  m) 


Slope  class:   1 


Letter 
desig. 


Fuel  model 


BI 


SC 


ERC 


Grass  type  fuels 


Annual  grass 
and  forbs 


102 


Sagebrush 
grass 


Brush  type  fuels  - 
116 


570 


133 


21 


Table  3. --Fuel  models  for  Climate  Class  2 


Fuel 

moisture: 

1-h 

10-h 

100-h 

1000-h 

Herb 

3% 

5% 

7% 

9% 

Cured 

Wind:   20  mi/h,  20  ft 
(32  km/h,  6  m) 


Slope  class:   1 


Open  timber/grass         69 


45 


Woody 
70% 


Letter   : 

desig.    : 

Fuel  model 

:    BI     : 

SC 

:   ERC 

--------  Grass 

A 

Annual  grass 

89 

489 

3 

L 

Perennial  grass 

96 

300 

6 

S 

Alaskan  tundra 

--------  Brush 

56 

type  fuels  -  -  - 

24 

24 

T 

Sagebrush  grass 

103 

118 

18 

F 

Inter,  brush 

93 

54 

32 

B 

Mature  chaparral 

172 

97 

69 

20 
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In  tables  2,  3,  4,  and  5,  the  fuel  models  are  grouped  according  to  the  climate  of 
the  areas  where  they  are  most  likely  to  apply.   The  BI,  SC,  and  ERC  were  computed  and 
tabulated  for  fairly  severe  fuel  moisture  conditions  for  those  climates.   For  all  four 
groups,  the  20-ft  windspeed  was  held  constant  at  20  mi/h.   Slope  class  1  was  used  across 
the  board.  For  an  explanation  of  the  climate  classes,    see  appendix  H. 

The  fuel  models  are  grouped  in  this  manner  for  easy  comparison  of  performance.   For 
xample,  it  would  be  unrealistic  and  misleading  to  compare  the  performance  of  the  west- 
ern annual  grass  fuel  model,  which  should  be  used  only  in  the  desert  southwest  (climate 
:lass  1),  to  the  southern  rough  fuel  model,  which  is  applicable  only  in  the  southeast 
[climate  class  3) . 

Descriptions  of  the  fuel  models  and  instructions  for  selecting  an  appropriate  fuel 
nodel  are  included  in  appendix  B. 

Table  4. --Fuel  models  for  Climate  Class   2 


Fuel  moisture: 

1-h      10-h      100-h 

4-6  6"6  8-6 

Wind:   20  mi/h,  20  ft 
(32  km/h,  6  m) 


1000-h 
11% 


Western,  long-needled 

conifer 
Southern  plantation 
Southern  rough 
Closed,  short-needle 

conifer  (normal  dead) 
Closed,  short-needle 

conifer  (heavy  dead) 
Alaskan  black  spruce 
Hardwoods  (winter) 
Hardwoods  (summer) 

------  Slash  type  fuels 


55 


95 


Light  slash 
Medium  slash 
Heavy  slash 


Herb 
65% 


16 


30 


Woody 
75% 


Letter 

desig. 

:      Fuel  model         :     BI    : 

SC 

:   ERC 

--------  Grass  type  fuels   -  -  - 

L 

Perennial  grass            57 

178 

3 

N 

Sawgrass                 138 

167 

25 

0 

Pocosin                  1.74 

99 

69 

36 


48 

14 

29 

25 

68 

48 

39 

8 

33 

61 


124 

59 

56 

65 

29 

27 

26 

6 

18 

89 

23 

68 

197 

44 

201 

301 

65 

343 
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Table  S.--Fuel  models  for  Climate  Class  4 


Fuel 

moisture : 

1-h 

10-h 

100-h 

1000-h 

Herb 

5% 

7% 

9% 

13% 

65% 

Wind:   20  mi/h,  20  ft 
(32  km/h,  6  m) 


Slope  class:   1 


Woody 
80% 


Letter 
desig. 


Fuel  model 


BI 


SC 


ERC 


K 

J 
I 


Timber  type  fuels 


Closed,  short-needle 
conifer  (normal  dead) 

Closed,  short-needle 
conifer  (heavy  dead) 


Slash  type  fuels 


Light  slash 
Medium  slash 
Heavy  slash 


35 

7 

28 

85 

27 

52 

80 

21 

60 

178 

40 

179 

272 

59 

304 

Fuel  Moisture 


Live  Fuel  Moisture  Models 

One  of  the  more  important  changes  introduced  in  the  1978  NFDRS  is  a  method  to 
predict  seasonal  changes  in  moisture  content  of  annual  or  perennial  herbaceous  vegeta- 
tion and  the  foliage  and  small  twigs  of  woody  shrubs. 

In  the  1972  NFDRS,  the  state  of  the  live  lesser  fuels  (grasses  and  forbs)  was 
denoted  by  estimating  the  live  proportion  of  the  fine  fuel  complex.   These  estimates 
were  made  by  directly  sampling  the  fine  fuels  along  a  permanent  transect.   Moisture 
content  of  live,  woody  fuels  was  estimated  by  selecting  one  of  three  condition  states 
or  stages  of  woody  plant  development --rapid  growth,  maturing,  or  drought  stage. 

The  major  difficulty  with  these  approaches  is  the  inconsistency  among  observers 
selecting  sampling  sites  and  taking  measurements.   Assuming  accurate  measurements,  thi 
data  may  change  drastically  with  transect  location.   Thus,  we  need  to  develop  a  metho» 
that  would  provide  consistent,  broadscale  estimates  of  the  moisture  contents  of  the 
live  fuel  components. 

The  need  to  improve  the  response  of  the  NFDRS  rating  to  drought  substantially 
added  to  the  importance  of  correctly  specifying  moisture  values  for  live  fuels.   Rath 
than  provide  an  auxiliary  drought  index,  the  preferred  solution  was  to  cause  the  rati 
to  respond  to  the  increased  flammability  of  live  plants  and  heavy  dead  fuels  due  to 
drought.   Adding  the  1,000-hour  timelag  class  of  dead  fuels  was  an  obvious  advance. 
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Table  6. --Minimum  percent  moisture  for  live  fuels 


Type  of 

:         Grasses 

and 

forbs 

Shrubs,  twigs, 

season 

:     Annua 1 s 

Perennials 

:   and  foliage 

Wet 

^30 
(Late  cure) 

>80 

>110 

Normal 

<30 
(Normal  cure) 

50-80 

80-110 

Dry 

<30 
(Early  cure) 

<50 

50-80 

The  first  live  fuel  moisture  models  were  developed  by  R.  C.  Rothermel  (Northern 
Forest  Fire  Laboratory,  manuscript  in  preparation) .  He  derived  empirical  relationships 
between  the  moisture  contents  of  vegetation  sampled  at  several  elevatious  near  Missoula, 
Montana,  and  the  Keetch-Byram  drought  index  (Keetch  and  Byram  1968).   The  authors 
adapted  Rothermel' s  work  for  the  NFDRS,  substituting  the  1,000-h  TL  FM  for  the  drought 
index.   (That  is  why  the  1,000-h  TL  FM  must  be  calculated  even  for  fuel  models  that  do 
not  include  1,000-h  TL  fuels.) 

The  live  fuel  models  were  calibrated  to  produce  reasonable  fuel  moisture  values 
for  both  herbaceous  and  woody  vegetation.  The  performance  objectives  for  the  live  fuel 
models  are  summarized  in  table  6. 

The  user  has  considerable  control  over  the  responses  of  the  live  fuel  moisture 
models  through  his  selection  of  climate  class  and  the  type  of  lesser  vegetation- 
annual  or  perennial . 

Climate  classes  adjust  the  response  of  the  live  fuel  moisture  prediction  models 
to  environmental  conditions.   Plants  native  to  high  precipitation  areas  react  differently 
to  a  rainfall  anomaly  of  a  given  magnitude  than  do  plants  native  to  arid  areas. 

Designating  the  lesser  vegetation  as  annual  or  perennial  is  extremely  important. 
The  live  fuel  moisture  model  will  predict  faster  drying  and  curing  rates  for  annuals 
than  for  perennials. 

Instructions  for  selecting  the  climate  class  and  using  the  live  fuel  moisture 
models  are  covered  in  appendix  H. 

Dead  Fuel  Moisture  Models 

The  methods  for  calculating  the  moisture  content  of  the  dead  fuel  classes  are 
essentially  the  same  as  those  used  in  the  1972  NFDRS  and  are  based  on  the  similar 
theory  and  procedures  (Fosberg  1970  and  1971;  Fosberg  and  Deeming  1971).   The  key 
parameters  are  the  equilibrium  moisture  content  (U.S.  Forest  Products  Laboratory  1974) 
and  precipitation  duration  (Fosberg  1972) . 

The  1,000-h  TL  FM  model  is  a  simple  extension  of  the  100-h  TL  FM  model.   The 
drying  (or  wetting)  factor  must  be  calculated  for  each  24  hours,  using  the  maximum  and 
minimum  temperatures  and  relative  humidities,  and  the  precipitation  duration.   The 
1,000-h  TL  FM  is  calculated  from  a  running  7-day  average  of  the  daily  factors  and  the 
1,000-h  TL  FM  at  the  beginning  of  the  7-day  period. 
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Refinements  have  been  made  to  the  100-h  TL  FM  model  to  simplify  the  calculations 
and  adjust  its  response  to  precipitation  and  changes  in  day  length.   The  results  are 
lower  values  in  midsummer  and  higher  values  in  midwinter  than  you  would  obtain  using 
the  1972  method. 

The  new  method  of  calculating  the  10-h  TL  FM  is  more  complex  than  that  used  in 
the  1972  NFDRS.   The  answer  is  dependent  upon  the  previous  day's  value  of  the  10-h 
TL  FM,  the  24-hour  extremes  of  temperatures,  and  relative  humidity  and  precipitation. 
Precipitation  duration  must  still  be  considered  in  two  periods--the  first  16  hours  and 
the  last  8  hours  of  the  24  hours  between  observations. 

To  account  for  day  length  and  the  lingering  influence  of  wet  soil  on  the  ground 
fuels  after  rain,  the  1-h  TL  FM  model  has  been  changed.   The  solution  was  borrowed  from 
the  Wildland  Fire-Danger  Rating  System  used  in  California  from  1958  to  1972  (U.S. 
Department  of  Agriculture,  Forest  Service  1958) . 

In  the  new  model,  the  1-h  TL  FM  is  a  weighted  average  of  the  fuel  stick  moisture 
content  and  the  equilibrium  moisture  content  calculated  from  the  observation  time 
temperature  and  relative  humidity.   The  fuel  sticks  integrate  the  effects  of  day  length 
and  cloudiness.   Because  they  are  exposed  near  the  ground,  the  sticks  reflect  the  in- 
fluence of  soil  moisture  on  the  relative  humidity  at  ground  level.   During  extended  dry 
periods  in  midsummer,  the  results  of  the  1-h  TL  FM  calculation  will  be  very  close  to 
those  obtained  using  the  1972  method. 
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THE  FIRE  WEATHER  OBSERVATION 


The  recording  of  weather  data  should  be  started  at  least  4  weeks  before  the  fire 
season.  This  lead  time  is  needed  to  stabilize  the  predictions  of  1,000-h  TL  and  live 
fuel  moistures.   Values  for  the  100-h  TL  FM  and  the  1,000-h  TL  FM  at  the  time  observa- 
tions are  begun  are  normally  30  percent  moisture  content  (McCammon  1976) .  But,  a  lower 
or  higher  starting  value  can  be  used  if  you  have  information  from  comparable  sites  in 
the  vicinity.   Accurate  starting  values  are  not  needed,  however,  if  the  4-week  rule  is 
adhered  to.   After  4  weeks  the  predictions  will  be  close  to  the  real  answers  regardless 
of  the  starting  value. 

The  NFDRS  requires  more  weather  information  than  fire-danger  rating  systems  that 
predate  1972.  This  includes  24-hour  maximum  and  minimum  relative  humidities  and  tem- 
peratures, and  rainfall  duration. 

Estimates  of  the  beginning  and  ending  times  and  the  duration  of  rainfall  are  con- 
sidered adequate.   The  24-hour  extreme  value  for  temperature  and  relative  humidity  can 
be  obtained  from  a  hygrothermograph.   If  a  hygrothermograph  is  not  available,  the  max- 
imum and  minimum  relative  humidities  can  be  estimated  to  acceptable  accuracy  when  the 
24-hour  temperature  extremes  are  known  (Burgan  and  others  1977,  appendix  A). 

Fuel  moisture  sticks  should  be  used  to  determine  the  10-h  TL  FM.   Because  the  dry 
{stick  weight  changes  over  time,  a  correction  for  stick  age  must  be  applied  (appendix  I). 
For  those  who  do  not  use  fuel  moisture  sticks,  less  reliable  methods  of  estimating  the 
10-h  TL  FM  are  available.  The  AFFIRMS  program  can  be  instructed  to  calculate  the  10-h 
TL  FM  from  maximum  and  minimum  relative  humidities  and  temperatures,  and  rainfall  dura- 
tions.  Instructions  and  nomograms  for  the  alternate  method  of  estimating  the  10-h 
TL  FM  are  contained  in  Manually  Calculating  Five-Danger  Ratings — 1978  National  Five- 
Danger  Rating  System   (Burgan  and  others  1977,  appendix  B) . 

Regarding  the  condition  of  live  fuels--the  user  must  record  when  greenup  occurs, 
whether  it  is  the  initial  spring  flush  or  a  midseason  event  as  sometimes  occurs  in 
arid  areas.   It  is  also  necessary  to  indicate  when  the  fine  fuels  have  completely  cured 
(appendix  H) . 
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The  following  list  summarizes  inputs  into  the  NFDRS.   These  data  should  be  recordec 
on  the  10-day  Fire  Danger  and  Fire  Weather  Record  (appendix  J) ,  or  on  the  AFFIRMS  re- 
cording form. 

Station  number 

Station  elevation 

Fuel  model  (appendix  B) 

Herbaceous  vegetation--annual  or  perennial  (appendix  H) 

Slope  class  (appendix  C) 

Date  (year,  month,  day) 

State  of  weather 

Herbaceous  vegetation  condition  (appendix  H) 

Dry  and  wet  bulb  temperatures 

Lightning  risk  (appendix  D) 

Man-caused  risk  (appendix  E) 

Windspeed  (10-minute  average) 

Wind  direction 

Precipitation  kind 

Precipitation  amount 

Precipitation  duration 

Precipitation,  beginning  and  ending  times 

Lightning  activity  level  (appendix  D) 

24 -hour  maximum  and  minimum  temperatures 

24-hour  maximum  and  minimum  relative  humidities 

10-hour  timelag  fuel  moisture  (appendix  I) 

The  information  on  the  cover  of  the  National  Weather  Service  Form  10-Day  Fire 
Danger  and  Fire  Weather  Record,  should  be  reviewed  carefully.   It  covers  the  proper 
procedures  for  taking  a  fire  weather  observation. 

The  fire  weather  station  should  be  set  up  in  strict  accordance  with  the  directions 
outlined  by  Fischer  and  Hardy  (1976).   An  inexpensive  triple-beam  balance  can  be  sub- 
stituted for  the  fuel  moisture  scales.   If  a  hygrothermograph  is  not  available,  use  a 
maximum/ minimum  thermometer. 


THE  FIRE  WEATHER  FORECAST 


The  fire  weather  forecaster  has  been  asked  to  predict  the  values  of  those  weather 
elements  that  will  govern  the  fire  danger  at  a  future  time,  normally  the  next  afternoon. 
Those  predictions  should  be  processed  through  the  National  Fire-Danger  Rating  System  to 
obtain  the  necessary  components  and  indexes.   If  you  subscribe  to  the  AFFIRMS  program, 
this  is  done  automatically.   You  can  retrieve  the  fire-danger  ratings  computed  from  the 
the  forecasted  elements  directly  from  the  computer.   If  you  calculate  the  fire-danger 
ratings  manually,  you  will  have  to  maintain  a  set  of  10-day  fire  danger  and  weather 
records  for  recording  and  processing  the  fire  weather  forecast.   The  procedures  will  be 
identical  to  those  followed  in  calculating  the  fire-danger  ratings  from  observed  weather 
data,  with  one  exception.   If  the  fire  weather  forecaster  does  not  predict  the  10-h  TL 
FM  directly,  you  will  have  to  make  the  calculation  using  the  manual  procedure  (Burgan 
and  others  1977,  appendix  B)  even  if  you  use  fuel  sticks. 

A  file  of  the  fire  danger  and  fire  weather  recording  forms  used  for  processing 
the  fire  weather  forecast  will  provide  you  with  the  necessary  data  for  verifying  the 
adequacy  of  your  fire  weather  service. 
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APPENDIX  A 


ABBREVIATIONS 

BI  -  Burning  index 

ERC  -  Energy  release  component 

FLI  -  Fire  load  index 

IC  -  Ignition  component 

LAL  -  Lightning  activity  level 

LOI  -  Lightning-caused  fire  occurrence  index 

LR  -  Lightning  risk 

MCOI  -  Man-caused  fire  occurrence  index 

MCR  -  Man-caused  risk 

NFDRS  -  National  Fire-Danger  Rating  System 

SC  -  Spread  component 

TL  -  Timelag 

1-h  TL  FM  -  1-hour  timelag  fuel  moisture  content 

10-h  TL  FM    -  10-hour  timelag  fuel  moisture  content 

100-h  TL  FM   -  100-hour  timelag  fuel  moisture  content 

1,000-h  TL  FM  -  1,000-hour  timelag  fuel  moisture  content 

GLOSSARY 

AMBIENT. --Surrounding,  enveloping  conditions.  As  it  pertains  to  weather  at  the 
earth's  surface,  the  conditions  measured  in  the  instrument  shelter  are  considered 
ambient. 

ANALOG. -See   fuel  moisture  analog. 

ANNUAL. --k   plant  that  lives  for  one  growing  season,  starting  from  a  seed  each  year. 

AVERAGE  RELATIVE  HUMIDITY .  - -The  arithmetic  average  of  the  maximum  and  minimum 
relative  humidities  measured  at  a  fire-danger  station  from  one  basic  observation  time 
to  the  next. 

AVERAGE  TEMPERATURE .  - -The  arithmetic  average  of  the  maximum  and  minimum  dry-bulb 
temperatures  measured  at  a  fire-danger  station  from  one  basic  observation  time  to  the 
next. 

BASE  AREA. --An   area  representative  of  the  major  fire  problem  on  a  protection  unit. 
From  the  base  area,  the  base  fuel  model  and  siope  class  are  chosen. 

BASE  FUEL  MODEL. --The   fuel  model  that  best  represents  the  fuels  on  the  base  area. 

BASE  OBSERVATION  TIME. --The   time  established  to  take  the  fire-danger  observation. 
It  should  be  at  that  time  of  day  when  the  fire  danger  is  normally  the  highest. 
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BOUNDARY  LAYER .  - -The  air  in  immediate  contact  with  a  fuel  element. 

BOUNDARY  CONDITIONS .  - -The  temperature  and  relative  humidity  of  the  boundary  layer. 

BOUNDARY  VALUE. --The  EMC  commensurate  with  the  boundary  conditions  and  precipita- 
tion events  of  the  preceding  24  hours. 

BRUSH. --Scrub  vegetation  and  stands  of  tree  species  that  do  not  produce  merchant- 
able timber.   (NOT  a  synonym  for  slash.) 

BURNING  INDEX   (Bl).--k   number  related  to  the  contribution  of  fire  behavior  to  the 
effort  of  containing  a  fire. 

CONTAINMENT .- -The  completion  of  a  control  line  around  a  fire  and  any  associated 
spot  fires  which  can  reasonably  be  expected  to  check  the  fire's  spread. 

CONTROL. --The  completion  of  a  control  line  around  a  fire  and  any  associated  spot 
fires,  which  can  reasonably  be  expected  to  hold  under  foreseeable  conditions.   Control 
implies  that  the  line  has  been  burned  out  and  all  hot  spots  that  threaten  the  line 
have  been  eliminated. 

DAILY  ACTIVITY  LEVEL   (DAL).--k   subjective  estimate  of  the  status  of  a  man-caused 
fire  risk  source  relative  to  what  is  normally  experienced  on  that  day  of  the  week. 
Five  activity  levels  are  defined:  None,  Low,  Normal,  High,  and  Extreme. 

DEAD  FUELS. --Naturally  occurring  fuels  whose  moisture  content  is  governed  by 
relative  humidity  and  precipitation. 

DEW  POINT. --The  temperature  at  which  a  parcel  of  air  being  cooled  reaches  satura- 
tion (100  percent  relative  humidity). 

DIURNAL. --Pertains  to  daily  cycles  of  temperature,  relative  humidity,  and  wind. 

DROUGHT. --k   period  characterized  by  a  serious  moisture  deficiency,  extensive  in 
area  and  time. 

DRY-BULB  TEMPERATURE. --The  temperature  of  the  air. 

DUFF. --The  partially  decomposed  organic  material  of  the  forest  floor  that  lies  be- 
neath the  freshly  fallen  twigs,  needles,  and  leaves.  (The  F  and  H  layers  of  the  forest 
floor.) 

EMC. -See   equilibrium  moisture  content. 

ENERGY  RELEASE  COMPONENT   (ERC).--k   number  related  to  the  available  energy  (Btu) 
per  unit  area  (square  foot)  within  the  flaming  front  at  the  head  of  a  fire. 

EXPECTED  NUMBER  OF  FIRES .--The  number  of  fires  that  will  occur  on  the  average 
over  numerous  days  with  the  same  LOI  or  MCOI .   In  probability  terminology,  "expected" 
means  the  average  of  the  results  of  a  large  number  of  trials  made  under  identical 
circumstances. 

EQUILIBRIUM  MOISTURE  CONTENT   (EMC). --The  moisture  content  that  a  fuel  particle 
will  attain  if  exposed  for  an  infinite  period  in  an  environment  of  specified  constant 
temperature  and  humidity.   When  a  fuel  particle  has  reached  its  EMC,  the  net  exchange 
of  moisture  between  it  and  its  environment  is  zero. 
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EXTINCTION  MOISTURE  CONTENT. --The   fuel  moisture  content,  weighted  over  all  the 
fuel  classes,  at  which  the  fire  will  not  spread. 

FINE  FUELS. --The   complex  of  living  and  dead  herbaceous  plants  and  dead  woody  plant 
materials  less  than  one-fourth  inch  in  diameter. 

FINE  FUEL  MOISTURE   (FFM).--kn   adjustment  to  the  1-h  TL  FM  that  compensates  for  the 
presence  of  living  plant  material  and  the  moisture  content  of  that  material.   The  FFM 
is  used  in  the  manual  calculation  of  fire-danger  ratings.   It  replaces  the  1-h  TL  FM 
and  the  herbaceous  fuel  moisture. 

FIREBRAND. --Any  source  of  heat,  natural  or  manmade,  that  is  capable  of  igniting 
natural  fuels. 

FIRE-DANGER  RATING  AREA.- -A  geographical  area  within  which  the  fire  danger  can  be 
assumed  to  be  uniform.   It  is  relatively  homogeneous  in  climate,  fuels,  and  topography. 

FIRELINE  INTENSITY. --The  rate  of  heat  release  per  unit  length  of  fire  front.   The 
most  commonly  used  units  in  current  fire  literature  are  Btu/sec/ft. 

FIRE  LOAD  INDEX   (FLI).--k   rating  of  the  maximum  effort  required  to  contain  all 
probable  fires  occurring  within  a  rating  area  during  the  rating  period. 

FLAMING  FRONT. --That   zone  of  a  moving  fire  where  the  combustion  is  primarily 
flaming.   Behind  the  flaming  front  the  combustion  is  primarily  glowing  or  involves  the 
burning  out  of  larger  fuels  (greater  than  about  3  inches  in  diameter) . 

FORB.--A   nongrasslike  herbaceous  plant. 

FORECAST  AREA. --The   geographical  area  for  which  a  fire  weather  forecast  is 
specified. 

FUEL  CLASS .--A  group  of  fuels  possessing  common  characteristics.   In  the  NFDR, 
dead  fuels  are  grouped  according  to  their  timelag  (1-,  10-,  100- ,  and  1,000-h  TL) .   And 
living  fuels  are  grouped  by  whether  they  are  herbaceous  (annual  or  perennial)  or  woody. 

FUEL  MODEL . --k   simulated  fuel  complex  for  which  all  the  fuel  descriptors  required 
by  the  mathematical  fire  spread  model  have  been  specified. 

FUEL  MOISTURE   (FM).--See   fuel  moisture  content. 

FUEL  MOISTURE  ANALOG. --k   device  that  emulates  the  moisture  response  of  specific 
classes  of  dead  fuels.   Examples  are  basswood  slats  that  represent  the  1-h  TL  fuels  and 
half-inch  ponderosa  pine  dowels  that  represent  the  10-h  TL  fuels.   An  analog  may  also 
be  constructed  of  inorganic  materials. 

FUEL  MOISTURE  CONTENT  (ALSO  FUEL  MOISTURE)    (FM).- -The   water  content  of  a  fuel 
particle  expressed  as  a  percent  of  the  ovendry  weight  of  the  fuel  particle. 

HERB.--k   plant  that  does  not  develop  woody,  persistent  tissue  but  is  relatively 
soft  or  succulent  and  sprouts  from  the  base  (perennials)  or  develops  from  seed  (annuals) 
each  year.   Included  are  grasses,  forbs,  and  ferns. 

HERBACEOUS  FUELS. --Undecomposed  material,  living  or  dead,  derived  from  herbaceous 
plants. 
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HERBACEOUS  VEGETATION  MOISTURE  CONTENT .- -The   water  content  of  a  live  herbaceous 
plant  expressed  as  a  percent  of  the  ovendry  weight  of  the  plant. 

HOLDOVER  FIRES   (ALSO  SLEEPER  FIRES) . --Fires  set  by  lightning  but  not  discovered 
during  the  first  burning  period.   In  the  NFDRS  it  is  assumed  that  25  percent  of  the 
fires  are  not  discovered  until  succeeding  burning  periods. 

HUMIDITY. --A  measure  of  the  water-vapor  content  of  the  air. 

IGNITION  COMPONENT   (IC).--k   rating  of  the  probability  that  a  firebrand  will  cause 
a  fire  requiring  suppression  action. 

INITIATING  FIRE.--K   fire  that  has  recently  started  and  is  not  crowning  or  spotting; 

INSOLATION. --Solar  radiation  received  at  the  earth's  surface. 

INSTRUMENT  SHELTER   (ALSO  THERMOSCREEN ') . - - A  naturally  or  artificially  ventilated 
structure  used  to  shield  temperature-measuring  instruments  from  direct  sunshine  and 
precipitation. 

LESSER  LIVE  FUELS . --Grasses  and  forbs;  low  nonwoody  plants,  annual  and  perennial. 

LIGHTNING  ACTIVITY  LEVEL   (LAD .--A  numerical  rating  of  1  to  6,  keyed  to  the  start 
of  thunderstorms  and  the  frequency  and  character  of  cloud-to-ground  lightning,  fore- 
casted or  observed  on  a  rating  area  during  the  rating  period. 

LIGHTNING  FIRE  OCCURRENCE  INDEX   (LOI).--k   numerical  rating  of  the  potential  occur- 
rence of  lightning-caused  fires. 

LIGHTNING  RISK  (LR).--A   number  related  to  the  expected  number  of  cloud-to-ground 
lightning  discharges  capable  of  starting  fires  that  a  rating  area  will  be  exposed  to 
during  the  rating  period. 

LIGHTNING  RISK  SCALING  FACTOR. --k   factor  derived  from  local  thunderstorm  and  light'- 
ning-caused  fire  records  that  adjusts  the  predictions  of  the  basic  lightning  fire  occur- 
rence model  to  local  experience.   It  accounts  for  factors  not  addressed  directly  by  the 
model  such  as  susceptibility  of  local  fuels  to  ignition  by  lightning,  fuel  continuity, 
topography,  and  regional  characteristics  of  thunderstorms. 

LITTER. --The  top  layer  of  the  forest  floor,  typically  composed  of  loose  debris 
such  as  branches,  twigs,  and  recently  fallen  leaves  or  needles;  little  altered  in 
structure  by  decomposition.   (The  L  layer  of  the  forest  floor.) 

LIVING  FUELS. --Naturally  occurring  fuels  whose  moisture  content  is  controlled  by 
physiological  processes  within  the  living  plant.   The  NFDRS  considers  only  herbaceous 
plants  and  woody  plant  material  small  enough  (leaves  and  needles,  and  twigs)  to  be 
consumed  in  the  flaming  front  of  a  fire. 

MAN-CAUSED  RISK.--k   number  related  to  the  expected  number  of  man-produced  fire- 
brands capable  of  starting  fires  that  a  rating  area  will  be  exposed  to  during  the 
rating  period. 

MAN-CAUSED  RISK  SCALING  FACTOR. --k   number  relating  man-caused  fire  incidence  to 
the  IC   on  a  rating  area.   The  factor  is  a  statistic  based  on  3  to  5  years  of  fire 
occurrence  and  fire  weather  data  that  adjusts  the  prediction  of  the  basic  man-caused 
fire  occurrence  model  to  fit  local  experience. 

MOISTURE  OF  EXTINCTION. -See   extinction  moisture  content. 
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NORMALIZATION . --The  process  of  bringing  into  accord  with  a  norm  or  standard. 

1-HOUR  TIMELAG  FUELS. --Fuels  consisting  of  dead  herbaceous  plants  and  roundwood 
less  than  one-fourth  inch  in  diameter.   Also  included  is  the  uppermost  layer  of  litter 
on  the  forest  floor. 

1-HOUR  TIMELAG  FUEL  MOISTURE   (1-h  TL  FM).--7he   moisture  content  of  the  1-hour 
timelag  fuels. 

100-HOUR  TIMELAG  FUELS. --Dead  fuels  consisting  of  roundwood  in  the  size  range 
of  1  to  3  inches  in  diameter  and,  very  roughly,  the  forest  floor  from  three- fourths 
inch  to  4  inches  below  the  surface. 

100-HOUR  TIMELAG  FUEL  MOISTURE   (100-h  TL  FM) .      The  moisture  content  of  the 
100-hour  timelag  fuels. 

13000-HOUR  TIMELAG  FUELS. --Dead  fuels  consisting  of  roundwood  3  to  8  inches  in 
diameter  or  the  layer  of  the  forest  floor  more  than  about  4  inches  below  the  surface, 
or  both. 

1,000-HOUR  TIMELAG  FUEL  MOISTURE   (l3000-h  TL  FM).— The   moisture  content  of  the 
1,000-hour  timelag  fuels. 

PARTIAL  RISK. --The   contribution  of  a  specific  source  to  the  man-caused  risk. 
The  partial  risk  is  derived  from  the  daily  activity  level  assigned  a  risk  source  and 
its  risk  source  ratio. 

PERENNIAL. --A  plant  that  lives  for  more  than  two  growing  seasons.   For  fire-danger 
rating  purposes,  biennial  plants  are  classed  with  perennials. 

PRECIPITATION. --Any  or  all  the  forms  of  atmospheric  water,  liquid  or  solid,  that 
reach  the  ground.   (Usually  measured  to  the  nearest  one-hundredth  of  an  inch.) 

PRECIPITATION  DURATION .  - -The  time,  in  hours  and  fraction  of  hours,  that  a  precipi- 
tation event  lasts.   More  precisely,  for  fire-danger  rating  purposes,  it  is  the  length 
of  time  that  fuels  are  subjected  to  liquid  water  during  the  day. 

PROBABILITY. --A  numerical  rating  on  a  scale  of  0  to  1  that  a  specific  event  will 
occur.   A  "1"  translates  to  perfect  certainty  that  the  event  will  occur;  a  "0"  that  it 
will  not. 

RATING  AREA. -See   fire-danger  rating  area. 

RATING  PERIOD. --The  period  of  time  for  which  a  fire-danger  rating  value  is  con- 
sidered representative.   Normally  it  is  the  calendar  day,  midnight  to  midnight. 

RELATIVE  HUMIDITY   (RH) . --The  ratio  of  the  actual  amount  of  water  vapor  in  the  air 
to  the  amount  necessary  to  saturate  the  air  at  that  temperature  and  pressure.   It  is 
expressed  as  a  percentage. 

RESIDENCE  TIME. --(I)  The  time  required  for  the  flaming  zone  of  a  fire  to  pass  a 
stationary  point;  (2)  the  width  of  the  flaming  zone  divided  by  the  rate  of  spread  of 
the  fire. 

RISK  SOURCE. --An  identifiable  human  activity  that  historically  has  been  a  major 
cause  of  wildfires  on  a  protection  unit.   It  is  one  of  the  eight  general  causes  listed 
on  the  standard  fire  report. 
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RISK  SOURCE  RATIO. --The  portion  of  the  man-caused  fires  that  have  occurred  on  a 
protection  unit  chargeable  to  a  specific  risk  source.   A  risk  source  ratio  is  calculates 
for  each  day  of  the  week  for  each  risk  source. 

ROUNDWOOD. --Boles,  stems,  or  limbs  of  woody  material;  that  portion  of  the  dead 
wildland  fuels  which  are  roughly  cylindrical  in  shape. 

SHRUB. --k   woody  perennial  plant  differing  from  a  perennial  herb  by  its  persistent 
and  woody  stem;  and  from  a  tree  by  its  low  stature  and  habit  of  branching  from  the  base , 

SLASH. --Branches,  bark,  tops,  cull  logs,  uprooted  stumps,  and  broken  or  uprooted 
trees  left  on  the  ground  after  logging;  also  debris  resulting  from  thinnings  or  wind. 

SLOPE. --Rise  or  fall  (in  feet)  per  100  feet  of  horizontal  measurement,  expressed 
as  a  percentage. 

SLOPE  CLASS .--A   code  designating  the  most  common  slope  in  the  base  area.   There 
are  five  classes:  0-25,  26-40,  41-55,  56-75,  and  greater  than  75  percent. 

SURFACE  AREA-TO-VOLUME  RATIO. --The  ratio  of  the  area  of  the  surface  of  a  fuel  par- 
ticle (square  feet)  to  its  volume  (cubic  feet) .   The  higher  the  ratio,  the  "finer"  the 
particle;  for  example,  for  grasses  this  ratio  ranges  above  2,000;  for  a  half-inch  fuel 
moisture  stick  it  is  109. 

SPREAD  COMPONENT   (SC).--k   rating  of  the  forward  rate  of  spread  of  a  head  fire. 

STANDARD  DRYING  DAY.--k   day  producing  the  same  net  drying  as  a  24-hour  period  wherr 
the  dry  bulb  temperature  is  maintained  at  80°  F  and  the  relative  humidity  at  20  percent 

STATE  OF  WEATHER. --k   code  entered  in  column  2  of  the  10-Day  Fire  Danger  Weather 
Record  Form  that  indicates  the  amount  of  cloud  cover,  kind  of  precipitation,  and/or 
restrictions  to  visibility  at  the  fire-danger  station  at  basic  observation  time. 

10-HOUR  TIMELAG  FUELS. --Dead  fuels  consisting  of  roundwood  one-fourth  to  1  inch 
in  diameter  and,  very  roughly,  the  layer  of  litter  extending  from  just  below  the  sur- 
face to  three-fourths  inch  below  the  surface. 

10-HOUR  TIMELAG  FUEL  MOISTURE   (10-h  TL  FM) . — The  moisture  content  of  the  10-hour 
time lag  roundwood  fuels. 

THERMOSCREEN . --See  Instrument  Shelter. 

TIMELAG   (TL) .--The   time  necessary  for  a  fuel  particle  to  lose  approximately  63 
percent  of  the  difference  between  its  initial  moisture  content  and  its  equilibrium 
moisture  content. 

UNNORMALIZED  MAN-CAUSED  RISK. --The   sum  of  the  partial  risks  computed  for  the  risk 
sources  active  on  a  protection  unit. 

VOLATILES. --Readily  vaporized  organic  materials  which,  when  mixed  with  oxygen,  aree 
easily  ignited. 

WET-BULB  TEMPERATURE. --The  temperature  of  a  properly  ventilated  wet-bulb  thermom- 
eter. 

WINDSPEED. --Wind,  in  miles  per  hour,  measured  at  20  feet  above  the  ground  or  the 
average  height  of  the  vegetative  cover,  and  averaged  over  at  least   a  10-minute  period. 
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APPENDIX  B 


SELECTION  OF  FUEL  MODELS 

Ideally,  a  protection  unit  should  be  subdivided  into  fire-danger  rating  areas  of 
relatively  homogeneous  climate,  fuels,  and  topography.   Fire-danger  rating  values  would 
be  calculated  for  each  rating  area;  a  weighted  average  of  these  numbers  would  then 
determine  the  readiness  plan  for  the  protection  unit. 

At  the  present  time,  however,  the  protection  unit  is  usually  the  smallest  geo- 
graphical division  recognized.   The  protection  unit  may  be  quite  homogeneous  and 
satisfy  the  criteria  for  a  fire-danger  rating  area.   Most  units,  however,  do  not.   For 
the  calculation  of  the  fire-danger  ratings  needed  to  manage  fire  suppression  activities 
on  such  units,  the  fire  manager  must  select  an  area  he  considers  representative  of  the 
fire  problem  on  the  unit.   We  will  call  this  area  the  base  area- -not  to  be  confused 
with  a  fire-danger  rating  area. 

Several  options  may  be  considered  in  selecting  the  base  area: 

1.  It  might  be  where  most  fires  occur. 

2.  Where  fires  are  most  often  fought. 

3.  Where  the  potential  cost  of  suppression  plus  loss  of  resource  and  improvement 
is  greatest. 

Regardless  of  the  option  chosen,  a  careful  study  of  the  protection  unit's  fire 
history  is  essential. 

The  next  step  is  to  select  the  fuel  model  that  best  represents  the  fuels  in  the 
base  area.   Twenty  fuel  models  are  available  to  choose  from.   However,  it  is  unlikely 
that  more  than  two  or  three  will  be  appropriate  for  any  one  protection  unit. 

The  following  key  and  narrative  descriptions  should  help  in  selecting  the  correct 
fuel  model . 

With  the  exception  of  Model  F,  the  fuel  models  carried  over  from  the  1972  NFDRS 
have  retained  their  letter  designations.   The  1972  NFDRS  Fuel  Model  F  was  seldom  used, 
(so  for  1978,  the  F  designator  was  assigned  to  the  intermediate  brush  fuel  model. 
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FUEL  MODEL  KEY 

I.   Mosses,  lichens,  and  low  shrubs  predominate  ground  fuels. 

A.  An  overstory  of  conifers  occupies  more  than  one-third  of 

the  site MODEL  Q 

B.  There  is  no  overstory,  or  it  occupies  less  than  one-third  of 

the  site  (tundra) MODEL  S 

1 1 .   Marsh  grasses  and/or  reeds  predominate MODEL  N 

III.   Grasses  and/or  forbs  predominate. 

A.  There  is  an  open  overstory  of  conifer  and/or  hardwood  trees MODEL  C 

B.  There  is  no  overstory. 

1.  Woody  shrubs  occupy  more  than  one-third,  but  less  than  two- 
thirds  of  the  site MODEL  T 

2.  Woody  shrubs  occupy  less  than  one-third  of  the  site. 

a.  The  grasses  and  forbs  are  primarily  annuals MODEL  A 

b.  The  grasses  and  forbs  are  primarily  perennials MODEL  L 

IV.   Brush,  shrubs,  tree  reproduction  or  dwarf  tree  species  predominate. 

A.  Average  height  of  woody  plants  is  6  ft  or  greater. 

1.  Woody  plants  occupy  two- thirds  or  more  of  the  site. 

a.  One-fourth  or  more  of  the  woody  foliage  is  dead. 

(1)  Mixed  California  chaparral MODEL  B 

(2)  Other  types  of  brush MODEL  F 

b.  Up  to  one-fourth  of  the  woody  foliage  is  dead MODEL  Q 

c.  Little  dead  foliage MODEL  0 

2.  Woody  plants  occupy  less  than  two-thirds  of  the  site MODEL  F 

B.  Average  height  of  woody  plants  is  less  than  6  ft. 

1.  Woody  plants  occupy  two-thirds  or  more  of  the  site. 

a.  Western  United  States MODEL  F 

b .  Eastern  United  States MODEL  0 

2.  Woody  plants  occupy  less  than  two-thirds  but  greater  than  one- 
third  of  the  site. 

a.  Western  United  States MODEL  T 

b .  Eastern  United  States MODEL  D 

3.  Woody  plants  occupy  less  than  one-third  of  the  site. 

J 

a.  The  grasses  and  forbs  are  primarily  annuals MODEL  A 

b.  The  grasses  and  forbs  are  primarily  perennial MODEL  L 

V.   Trees  predominate. 

A.   Deciduous  broadleaf  species  predominate. 
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1.  The  area  has  been  thinned  or  partially  cut,  leaving  slash 

as  the  maj or  fuel  component MODEL  K 

2.  The  area  has  not  been  thinned  or  partially  cut. 

a.  The  overstory  is  dormant;  the  leaves  have  fallen MODEL  E 

b.  The  overstory  is  in  full  leaf MODEL  R 

B.   Conifer  species  predominate. 

1.  Lichens,  mosses,  and  low  shrubs  dominate  as  understory  fuels...  MODEL  Q 

2.  Grasses  and  forbs  are  the  primary  ground  fuels MODEL  C 

3.  Woody  shrubs  and/or  reproduction  dominate  as  understory  fuels. 

a.  The  understory  burns  readily. 

(1)  Western  United  States MODEL  T 

(2)  Eastern  United  States. 

(a)  The  understory  is  more  than  6  ft  tall MODEL  0 

(b)  The  understory  is  less  than  6  ft  tall MODEL  D 

b .  The  understory  seldom  burns MODEL  H 

4.  Duff  and  litter,  branchwood,  and  tree  boles  are  the  primary 
ground  fuels. 

a.  The  overstory  is  overmature  and  decadent;  there  is  a  heavy 
accumulation  of  dead  tree  debris MODEL  G 

b.  The  overstory  is  not  decadent;  there  is  only  a  nominal 
accumulation  of  debris. 

(1)  The  needles  are  2  inches  or  more  in  length  (most  pines) . 

(a)  Eastern  United  States MODEL  P 

(b)  Western  United  States MODEL  U 

(2)  The  needles  are  less  than  2  inches  long MODEL  H 

VI.   Slash  is  the  predominant  fuel. 

A.  The  foliage  is  still  attached;  there  has  been  little  settling. 

1 .  The  loading  is  25  tons/acre  or  greater MODEL  I 

2.  The  loading  is  less  than  25  tons/acre  but  more  than 

15  tons/acre MODEL  J 

3.  The  loading  is  less  than  15  tons/acre MODEL  K 

B.  Settling  is  evident;  the  foliage  is  falling  off;  grasses,  forbs, 
and  shrubs  are  invading  the  areas. 

1 .  The  loading  is  25  tons/acre  or  greater MODEL  J 

2.  The  loading  is  less  than  25  tons/acre MODEL  K 
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FUEL  MODEL  A 

This  fuel  model  represents  western  grasslands  vegetated  by  annual  grasses  and 
forbs .   Brush  or  trees  may  be  present  but  are  very  sparse,  occupying  less  than  one- 
third  of  the  area.   Examples  of  types  where  Fuel  Model  A  should  be  used  are  cheatgrass 
and  medusahead.   Open  pinyon-juniper,  sagebrush-grass,  and  desert  shrub  associations 
may  appropriately  be  assigned  this  fuel  model  if  the  woody  plants  meet  the  density 
criteria.   The  quantity  and  continuity  of  the  ground  fuels  vary  greatly  with  rainfall 
from  year  to  year. 

FUEL  MODEL  B 

Mature,  dense  fields  of  brush  6  feet  or  more  in  height  are  represented  by  this 
fuel  model.   One-fourth  or  more  of  the  aerial  fuel  in  such  stands  is  dead.   Foliage 
burns  readily.   Model  B  fuels  are  potentially  very  dangerous,  fostering  intense, 
fast-spreading  fires.   This  model  is  for  California  mixed  chaparral  generally  30  years 
or  older.   The  F  model  is  more  appropriate  for  pure  chamise  stands.   The  B  model  may 
also  be  used  for  the  New  Jersey  pine  barrens. 

FUEL  MODEL  C 

Open  pine  stands  typify  Model  C  fuels.   Perennial  grasses  and  forbs  are  the 
primary  ground  fuel  but  there  is  enough  needle  litter  and  branchwood  present  to  con- 
tribute significantly  to  the  fuel  loading.   Some  brush  and  shrubs  may  be  present  but 
they  are  of  little  consequence.   Situations  covered  by  Fuel  Model  C  are  open,  longleaf, 
slash,  ponderosa,  Jeffrey,  and  sugar  pine  stands.  Some  pinyon-juniper  stands  may  qualify. 

FUEL  MODEL  D 

This  fuel  model  is  specifically  for  the  palmetto-gallberry  understory-pine 
overstory  association  of  the  southeast  coastal  plains.   It  can  also  be  used  for  the 
so-called  "low  pocosins"  where  Fuel  Model  0  might  be  too  severe.   This  model  should 
only  be  used  in  the  Southeast  because  of  a  high  moisture  of  extinction. 

FUEL  MODEL  E 

Use  this  model  after  leaf  fall  for  hardwood  and  mixed  hardwood-conifer  types 
where  the  hardwoods  dominate.   The  fuel  is  primarily  hardwood  leaf  litter.   The  oak- 
hickory  types  are  best  represented  by  Fuel  Model  E,  but  E  is  an  acceptable  choice  for 
northern  hardwoods  and  mixed  forests  of  the  Southeast.   In  high  winds,  the  fire  danger 
may  be  underrated  because  rolling  and  blowing  leaves  are  not  accounted  for.   In  the 
summer  after  the  trees  have  leafed  out,  Fuel  Model  E  should  be  replaced  by  Fuel  Model  R. 

FUEL  MODEL  F 

Fuel  Model  F  is  the  only  one  of  the  1972  NFDRS  Fuel  Models  whose  application  has 
changed.   Model  F  now  represents  mature  closed  chamise  stands  and  oakbrush  fields  of 
Arizona,  Utah,  and  Colorado.   It  also  applies  to  young,  closed  stands  and  mature,  open 
stands  of  California  mixed  chaparral.   Open  stands  of  pinyon-juniper  are  represented; 
however,  fire  activity  will  be  overrated  at  low  windspeeds  and  where  there  is  sparse 
ground  fuels. 

FUEL  MODEL  G 

Fuel  Model  G  is  used  for  dense  conifer  stands  where  there  is  a  heavy  accumulation 
of  litter  and  downed  woody  material.   Such  stands  are  typically  overmature  and  may  also 
be  suffering  insect,  disease,  wind,  or  ice  damage- -natural  events  that  create  a  very 
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heavy  buildup  of  dead  material  on  the  forest  floor.   The  duff  and  litter  are  deep  and 
much  of  the  woody  material  is  more  than  3  inches  in  diameter.   The  undergrowth  is 
variable,  but  shrubs  are  usually  restricted  to  openings.   Types  meant  to  be  represented 
by  Fuel  Model  G  are  hemlock-Sitka  spruce,  Coast  Douglas-fir,  and  windthrown  or  bug- 
killed  stands  of  lodgepole  pine  and  spruce. 

FUEL  MODEL  H 

The  short -needled  conifers  (white  pines,  spruces,  larches,  and  firs)  are  repre- 
sented by  Fuel  Model  H.   In  contrast  to  Model  G  fuels,  Fuel  Model  H  describes  a  healthy 
stand  with  sparse  undergrowth  and  a  thin  layer  of  ground  fuels.   Fires  in  H  fuels  are 
typically  slow  spreading  and  are  dangerous  only  in  scattered  areas  where  the  downed 
woody  material  is  concentrated. 

FUEL  MODEL  I 

Fuel  Model  I  was  designed  for  clearcut  conifer  slash  where  the  total  loading  of 
materials  less  than  6  inches  in  diameter  exceeds  25  tons/acre.   After  settling  and  the 
fines  (needles  and  twigs)  fall  from  the  branches,  Fuel  Model  I  will  overrate  the  fire 
potential.   For  lighter  loadings  of  clearcut  conifer  slash,  use  Fuel  Model  J,  and  for 
light  thinnings  and  partial  cuts  where  the  slash  is  scattered  under  a  residual  over- 
story,  use  Fuel  Model  K. 

\FUEL  MODEL  J 

This  model  complements  Fuel  Model  I.   It  is  for  clearcuts  and  heavily  thinned 
conifer  stands  where  the  total  loading  of  materials  less  than  6  inches  in  diameter  is 
less  than  25  tons/acre.   Again,  as  the  slash  ages,  the  fire  potential  will  be  overrated. 

FUEL  MODEL  K 

Slash  fuels  from  light  thinnings  and  partial  cuts  in  conifer  stands  are  represented 
by  Fuel  Model  K.   Typically  the  slash  is  scattered  about  under  an  open  overstory.   This 
model  applies  to  hardwood  slash  and  to  southern  pine  clearcuts  where  the  loading  of  all 
fuels  is  less  than  15  tons/acre. 

FUEL  MODEL  L 

This  fuel  model  is  meant  to  represent  western  grasslands  vegetated  by  perennial 
grasses.   The  principal  species  are  coarser  and  the  loadings  heavier  than  those  in 
Model  A  fuels.   Otherwise  the  situations  are  very  similar;  shrubs  and  trees  occupy  less 
than  one-third  of  the  area.   The  quantity  of  fuel  in  these  areas  is  more  stable  from 
year  to  year.   In  sagebrush  areas  Fuel  Model  T  may  be  more  appropriate. 

FUEL  MODEL  N 

This  fuel  model  was  constructed  specifically  for  the  sawgrass  prairies  of  south 
Florida.   It  may  be  useful  in  other  marsh  situations  where  the  fuel  is  coarse  and 
reedlike.  This  model  assumes  that  one-third  of  the  aerial  portion  of  the  plants  is 
dead.   Fast-spreading,  intense  fires  can  occur  even  over  standing  water. 

FUEL  MODEL  0 

The  0  fuel  model  applies  to  dense,  brushlike  fuels  of  the  Southeast.   0  fuels, 
except  for  a  deep  litter  layer,  are  almost  entirely  living  in  contrast  to  B  fuels. 
'The  foliage  burns  readily  except  during  the  active  growing  season.   The  plants  are 
typically  over  6  feet  tali  and  are  often  found  under  an  open  stand  of  pine.   The  high 
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pocosins  of  the  Virginia,  North  and  South  Carolina  coasts  are  the  ideal  of  Fuel  Model  0. 
If  the  plants  do  not  meet  the  6-foot  criteria  in  those  areas,  Fuel  Model  D  should  be 
used. 

FUEL  MODEL  P 

Closed,  thrifty  stands  of  long-needled  southern  pines  are  characteristic  of  P  fuels 
A  2-  to  4-inch  layer  of  lightly  compacted  needle  litter  is  the  primary  fuel.   Some  small, 
diameter  branchwood  is  present  but  the  density  of  the  canopy  precludes  more  than  a  scat- 
tering of  shrubs  and  grass.   Fuel  Model  P.  has  the  high  moisture  of  extinction  charac- 
teristic of  the  Southeast.   The  corresponding  model  for  other  long-needled  pines  is  U. 

FUEL  MODEL  Q 

Upland  Alaskan  black  spruce  is  represented  by  Fuel  Model  Q.   The  stands  are  dense 
but  have  frequent  openings  filled  with  usually  inflammable  shrub  species.   The  forest 
floor  is  a  deep  layer  of  moss  and  lichens,  but  there  is  some  needle  litter  and  small- 
diameter  branchwood.   The  branches  are  persistent  on  the  trees,  and  ground  fires  easily 
reach  into  the  tree  crowns.   This  fuel  model  may  be  useful  for  jack  pine  stands  in  the 
Lake  States.   Ground  fires  are  typically  slow  spreading,  but  a  dangerous  crowning 
potential  exists.   Users  should  be  alert  to  such  events  and  note  those  levels  of  SC  and 
BI  when  crowning  occurs. 

FUEL  MODEL  R 

This  fuel  model  represents  the  hardwood  areas  after  the  canopies  leaf  out  in  the 
spring.   It  is  provided  as  the  off-season  substitute  for  E.   It  should  be  used  during 
the  summer  in  all  hardwood  and  mixed  conifer-hardwood  stands  where  more  than  half  of 
the  overstory  is  deciduous. 

FUEL  MODEL  S 

Alaskan  or  alpine  tundra  on  relatively  well-drained  sites  is  the  S  fuel.   Grass 
and  low  shrubs  are  often  present,  but  the  principal  fuel  is  a  deep  layer  of  lichens 
and  moss.   Fires  in  these  fuels  are  not  fast  spreading  or  intense,  but  are  difficult 
to  extinguish. 

FUEL  MODEL  T 

The  bothersome  sagebrush-grass  types  of  the  Great  Basin  and  the  Intermountain  West 
are  characteristic  of  T  fuels.  The  shrubs  burn  easily  and  are  not  dense  enough  to  shade 
out  grass  and  other  herbaceous  plants.   The  shrubs  must  occupy  at  least  one-third  of  the 
site  or  the  A  or  L  fuel  models  should  be  used.   Fuel  Model  T  might  be  used  for  immature 
scrub  oak  and  desert  shrub  associations  in  the  West,  and  the  scrub  oak-wire  grass  type 
in  the  Southeast. 

FUEL  MODEL  U 

Closed  stands  of  western  long-needled  pines  are  covered  by  this  model.   The  ground 
fuels  are  primarily  litter  and  small  branchwood.   Grass  and  shrubs  are  precluded  by  the 
dense  canopy  but  occur  in  the  occasional  natural  opening.   Fuel  Model  U  should  be  used 
for  ponderosa,  Jeffrey,  sugar  pine,  and  red  pine  stands  of  the  Lake  States.   Fuel  Model 
P  is  the  corresponding  model  for  southern  pine  plantations. 
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APPENDIX  C 


SELECTION  OF  SLOPE  CLASS 

In  the  1972  NFDRS,  three  slope  classes  were  used:   0-20  percent,  21-40  percent, 
and  greater  than  40  percent.   This  was  not  sufficient  for  mountainous  areas  where 
slopes  to  100  percent  are  found. 

The  number  of  slope  classes  has  been  increased  to  five,  with  90  percent  the  mid- 
point of  the  last  class.   The  classes  were  selected  so  that  the  effect  would  double  if 
the  next  higher  slope  class  is  used.   In  other  words,  slope  class  5  will  have  16  times 
(2k)   the  effect  as  slope  class  1. 

The  basic  consideration  for  selecting  the  slope  class  is  the  topography  in  the 
base  area  where  initial  attack  is  commonly  made.  Once  again,  knowledge  of  the  fire 
history  of  the  protection  unit  is  essential. 

Slope  class  Slope   (percent) 

1  0-25 

2  26-40 

3  41-55 

4  56-75 

5  greater  than   75 
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APPENDIX  D 


LIGHTNING  RISK 

The  assessment  of  lightning  risk  (LR)  requires  two  inputs:   the  lightning  risk 
scaling  factor  and  the  lightning  activity  level  (LAL) . 

The  lightning  risk  scaling  factor   is  a  multiplier  that  localizes  the  prediction 
of  the  basic  lightning-caused  fire  occurrence  model.   It  accounts  for  local  storm  and 
site  characteristics  not  addressed  by  the  prediction  model.   Guideline  A  contains  the 
instructions  for  deriving  the  lightning  risk  scaling  factor  for  a  fire-danger  rating 
area. 

The  lightning  activity   level    (LAL)  is  a  numerical  rating  from  1  to  6  keyed  to  the 
observed  or  forecasted  state  of  thunderstorms  and  lightning  in  a  rating  area  (guide- 
line B). 

The  daily  evaluation  of  LR  is  done  in  two  steps: 

1.  Select  the  LAL  that  best  represents  the  lightning  and  thunderstorm  situation 
(forecasted)  observed  on  each  fire-danger  rating  area  (forecast  area)  during 
the  calendar  day. 

2.  Calculate  the  LR.   It  will  automatically  be  calculated  if  AFFIRMS  is  used. 
For  those  not  using  AFFIRMS,  the  directions  and  nomogram  for  figuring  the  LR 
manually  are  in  Manually  Calculating  Fire-Danger  Ratings — 1978  National  Fire- 
Danger  Rating  System   (Burgan  and  others  1977). 

Guideline  A:     The  Lightning  Risk  Scaling  Factor. --The   LR  scaling  factor  is  derived 
from  local  records  of  thunderstorm  and  lightning-caused  fire  occurrence  records.   It 
can  be  calculated  with  and  without  historical  data  on  LAL's.   Data  on  LAL's  are  only 
available  since  1972.   With  data  on  LAL's  the  LR  scaling  factor  is  calculated  as  follows 

£  10  x  z   FIRES 

LR  scaling  factor  =  l6   x  £  ^ 

where:  I  FIRES  is  the  total  number  of  lightning-caused  fires  occurring  within  a  28- 
mile  radius   of  the  station  during  the  period  of  record. 

I   LOI  is  the  total  of  the  daily  LOI's  during  the  period  of  record.  (This  is  avail 
able  by  years  from  FIRDAT  (Furman  and  Helfman  1973;  Furman  and  Brink  1976)). 

EXAMPLE  1 . --Forty-one  lightning  fires  occurred  within  a  28-mile  radius  of  the  Hash-- 
knife  Lookout  in  Arizona  from  1974  through  1976.   The  yearly  occurrence 
totals  and  the  total  of  the  LOI  obtained  from  an  FIRDAT  run  using  an  in- 
itial LR  scaling  factor  of  1.0   are  summarized  in  the  following  tabulation. 

Number  of 
Year  lightning  fires  LOI  total 

1974  12  214 

1975  16  306 

1976  13  272_ 

41  792 
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Calculating  the  LR  scaling  factor: 
LR  scaling  factor  = 


10  x  41 
1.6  x  792 

0.32 


The  second  method  of  calculating  the  LR  scaling  factor  is  not  as  accurate  as  the 
first,  but  it  will  serve  where  there  are  no  LAL  data.   Initially,  records  from  adjacent 
forests,  districts,  or  counties  that  have  comparable  fuel  types  and  similar  levels  of 
lightning  fire  incidence  should  be  consolidated.   The  resulting  LR  scaling  factor  can 
then  be  used  for  all  of  the  units. 


LR  scaling  factor  = 


E  FIRES 


0.75   [Ax  S  TSTM  DAYS J 


where:  E  FIRES  is  the  total  number  of  lightning-caused  fires  occurring  on  the  area  during 
the  period  of  record. 

E  TSTM  DAYS  is  the  total  number  of  days  with  reported  thunderstorms  during  the 
period  of  record. 

A  is  the  size  of  the  area  in  millions  of  acres. 

0.75  is  the  number  of  lightning  fires  per  million  acres  per  thunderstorm  day  for 
the  area  used  to  develop  the  basic  prediction  model. 

EXAMPLE  2. --The  lightning  fire  and  thunderstorm  data  for  a  National  Forest  in  east- 
ern Montana  are  summarized  in  the  following  tabulation.   The  forest  area  is 
1.715  million  acres. 

Number  of  Total  number  of  Total  number  of 

years  lightning  fires  thunderstorm  days 

5  32  34 

Calculating  the  LR  scaling  factor: 

LR  scaling  factor  =  -^   [li71fx  34 

=  0.73 

The  LR  scaling  factor  should  be  adjusted  every  2  years  to  bring  the  model  predic- 
tions in  line  with  experience.   If  the  LOI  is  properly  derived,  0.1  fires  per  million 
acres  should  have  occurred  on  the  average  per  unit  of  LOI. 

The  adjustment  to  the  LR  scaling  factor  would  be  made  as  follows.   Use  at  least 
2  years  of  data  for  this  computation: 

LR  scaling  factor  (new)  =  LR  scaling  factor  (old)  *  — .  y   .  , 

EXAMPLE  3. --The  fire  manager  of  the  forest  of  example  2  wants  to  adjust  the  LR 

scaling  factor  for  one  planning  zone.   This  particular  zone  is  in  the  higher 
elevations  of  the  forest  where  the  fuel  is  primarily  spruce  and  lodgepole 
pine.   It  covers  670,000  acres  (0.67  million  acres).   The  LOI's  for  the  years 
1976  and  1977  total  1,776;  there  were  191  fires.   The  old  LR  scaling  factor 
as  computed  in  example  2  is  0.73. 
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LR  scaling  factor  (new)  =0.73   * 


[    10  x  191  1 
10.67  x  1,776 J 


=  0.73  x  1.61 


=  1.17 


Guideline  B:  The  Lightning  Activity  Level. --The   LAL  forecasted  for  the  current 
day  is  used  to  estimate  the  expected  number  of  new   fires  in  the  rating  area.   The  esti- 
mate of  holdover  or  sleeper  fires  to  be  dealt  with  today  is  based  on  the  LOI  calculated 
for  yesterday.   The  LAL  used  in  yesterday's  calculation  must  have  been  verified  and, 
if  necessary,  the  LOI  corrected  before  being  used.   This  is  the  responsibility  of  the 
fire  weather  observer. 

Choosing  the  correct  LAL  is  a  difficult  task.  We  have  approached  the  problem  from 
the  perspective  of  the  fire  weather  forecaster  separately  from  that  of  the  fire  weather 
observer. 

The  Five  Weather  Forecast 

Forecast  areas  vary  greatly  in  size  but  are  seldom  smaller  than  2,500  square  miles 
(1.6  million  acres).   Forecast  areas  will  normally  include  all  or  portions  of  the  fire- 
danger  rating  areas  as  delinated  by  the  protection  agency.   Hence  the  predicted  LAL 
for  a  forecast  area  may  be  used  on  several  rating  areas. 

The  predicted  LAL  should  reflect  the  maximum  level  of  activity  expected  in  a  fore- 
cast area.   A  prediction  of  average  LAL  would  be  no  more  valuable  to  the  fire  manager 
than  a  prediction  of  average  temperature  is  to  a  citrus  grower.   For  verification  pur- 
poses a  single  observation  of  the  predicted  LAL  should  justify  scoring  the  forecast  as 
a  "hit."   If  no  observations  of  that  LAL  were  made  or  if  a  higher  LAL  was  reported,  the 
forecast  should  be  scored  a  "miss." 

The  Lightning  Activity  Level  Guide  for  National  Weather  Service  fire  weather  fore- 
casters, table  7,  contains  information  different  from  that  provided  to  the  protection 
organization's  fire  weather  observers. 

Table  1  .--Lightning  activity   level  guide  for  fire  weather  forecasters 


Maximum    : 
radar  echo 
height 

Radar  echos  of  indicated  strength 

LAL 

Very   :           : 

light   :    Light    :   Moderate    :   Strong 

1,000' s  of 
ft  MSL 

Minimum  area  coverage  in  percent 

1 
2 
3 
4 
5 

No  echos 

<28 
26-32 
30-36 

>36 

10           5 

20          10            5 

20          10           5 

30          20           10           5 

To  be  used  for  red-flag  warnings  for  potentially  extreme  fire  activity. 
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LAL's  1  through  5  correspond,  roughly,  to  the  five  categories  of  thunderstorm  den- 
sity used  for  aviation  route  forecasts:  none,  isolated,  few,  scattered,  and  numerous. 
Lightning  activity  level  6  was  added  to  describe  the  rare  but  very  significant  event 
known  as  the  "lightning  bust."   In  such  situations  the  storms  are  characterized  by  high 
bases  (as  high  as  15,000  feet  above  sea  level),  no  precipitation,  and  a  low  frequency 
of  cloud -to-ground  lightning  discharges  (similar  to  LAL  3).   A  high  percentage  of 
strikes  start  fires. 

LAL  6  may  never  occur  in  your  forecast  area.   It  is  unlikely  to  occur  in  the  east- 
ern United  States  or  west  of  the  Cascades-Sierra  crest.  Thunderstorm  activity  corres- 
ponding to  LAL  6  is  most  commonly  observed  in  the  Inland  Empire,  the  Great  Basin,  and 
the  Northern  Rocky  Mountains. 

LAL's  4  and  5  are  typically  associated  with  fronts  and  squall  lines.  LAL's  2  and 
3  represent  the  more  common  summer  airmass  thunderstorm  events. 

It  is  no  longer  necessary  for  the  fire  weather  forecaster  to  predict  if  storms  will 
be  wet  or  dry.   That  factor  was  included  in  the  model  storms  for  LAL's  2  through  5.   The 
forecaster  should  consider  precipitation  duration  separately  from  that  of  the  thunder- 
storm occurrence  forecast.   His  prediction  of  precipitation  duration  should  reflect 
what  is  expected  at  the  fire  weather  station   during  the  24  hours  from  one  basic  observa- 
tion time  to  the  next.   This  is  meant  to  be  consistent  with  the  policy  of  the  National 
Weather  Service  regarding  precipitation  forecasts  for  the  general  public. 

The  Five  Weather  Observation 

The  Lightning  activity  level  guide  for  observers   (table  8)  describes  clouds,  storm, 
and  lightning  frequency  criteria  for  classifying  lightning  events.   Because  the  objective 
is  to  describe  the  lightning  activity,  lightning  counts  take  precedence  over  the  cloud- 
storm-rain  narrative  descriptions. 

For  instance,  if  the  clouds  should  fit  the  LAL  3  descriptive  criteria,  but  the 
lightning  averages  three  cloud- to-ground  discharges  per  minute,  the  LAL  should  be  class- 
ified as  a  4. 

Also  included  in  the  Lightning  activity  level  guide  for  observers  is  the  relative 
frequency  of  occurrence  of  the  various  LAL's.  For  instance,  LAL  6  is  a  rare  event  not 
likely  to  occur  on  more  than  1  or  2  percent  of  the  lightning  days. 

The  observation  of  lightning  (the  LAL)  should  include  what  has  happened  within  a 
25  to  30  mile  radius  of  the  station  (1.6  million  acres). 

The  fire  weather  observer  must  obtain  as  much  information  as  possible  from  all 
available  sources  to  insure  an  accurate  LAL  observation.   The  fire  weather  forecaster 
has  other  sources  of  information  on  thunderstorm  activity,  and  therefore,  should  be 
consulted  if  there  is  confusion  over  the  selection  of  an  LAL. 
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Table  8 .--Lightning  activity  level  guide  for  fire  weather  observers 


LAL 


Individual  storm  cell--cloud  to 
ground  lightning  discharges 


Counts 
J_cg/5  min 


Counts 
cg/15  min 


Average 
(cg/min) 


Percent  of 

thunderstorm 

days 


1  No  thunderstorms 

2  Cumulus  clouds  are  common  but  only      1-5 
a  few  reach  the  towering  cumulus 

stage.  A  single  thunderstorm  must 
be  confirmed  in  the  rating  area. 
The  clouds  mostly  produce  virga  but 
light  rain  will  occasionally  reach 
the  ground.   Lightning  is  very 
infrequent . 

3  Cumulus  clouds  are  common.   Swell-      6-10 
ing  and  towering  cumulus  covers  less 

than  two-tenths  of  the  sky.  Thunder- 
storms are  few,  but  two  to  three 
must  occur  within  the  observation 
area.   Light  to  moderate  rain  will 
reach  the  ground,  and  lightning  is 
infrequent. 

4  Swelling  cumulus  and  towering         11-15 
cumulus  cover  2-3/10  of  the  sky. 
Thunderstorms  are  scattered  but 

more  than  three  must  occur  within 
the  observation  area.  Moderate 
rain  is  commonly  produced,  and 
lightning  is  frequent. 

5  Towering  cumulus  and  thunderstorms       >15 
are  numerous .  They  cover  more  than 
three-tenths  and  occasionally 

obscure  the  sky.   Rain  is  moderate 
to  heavy,  and  lightning  is 
frequent  and  intense. 


1-8 


<1 


10 


'.'-15 


1-2 


35 


16-25 


2-3 


35 


>25 


>3 


18 


62 


<2 


^loud-to-ground  lightning  discharges. 

2Used  for  red-flag  warnings  of  potential  extreme  fire  activity. 
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APPENDIX  E 


MAN-CAUSED  RISK 

The  assessment  of  man-caused  risk  (MCR)  requires  three  inputs.   The  first  input  is 
a  number  called  the  MCR  scaling  factor^   which  adjusts  the  prediction  of  the  basic  man- 
caused  fire  occurrence  model  to  fit  local  experience. 

The  second,  the  risk  source  ratios,   represents  the  contributions  of  each  of  the 
eight  standard  statistical  causes  {risk  sources)    listed  on  any  fire  report  (USDA  Form 
5100-29  or  USDI  Form  Dl-1201)  to  the  man-caused  fire  problem.   The  MCR  scaling  factor 
and  risk  source  ratios  are  both  derived  from  an  analysis  of  the  succeeding  3  to  5  years 
of  fire  and  fire  weather  data. 

The  third  input,  the  daily  activity  levels,    is  the  fire  manager's  estimate  of  the 
status  of  each  of  the  risk  sources. 

The  daily  evaluation  of  MCR  is  done  in  three  steps: 

1.  Select  the  daily  activity  level   appropriate  for  each  risk  source. 

2.  Using  nomogram  E-l,  determine  the  partial  risk   for  each  risk  source   from  its 
daily  activity  level   and  risk  source  ratio.      Sum  up  the  partial  risks  to  obtain 
the  unnormalized  man-caused  risk. 

3.  Enter  nomogram  E-2  with  the  unnormalized  man-caused  risk   and  the  protection 
unit's  MCR  scaling  factor   to  obtain  the  MCR. 

This  procedure  must  be  used  to  determine  the  MCR  for  both   computer  and  manual  cal- 
culations of  NFDRS  ratings.   Working  copies  of  E-l  and  E-2  are  provided  in  the  back 
of  this  book. 

Keyed  to  the  information  flow  diagram  in  figure  3  are  guidelines  A  through  E,  which 
tell  how  to  determine  the  inputs  and  calculate  the  MCR. 

Guideline  A:  The  MCR  Scaling  Factor. — The  most  recent  5  years  of  fire  and  fire 
weather  records  are  needed  to  evaluate  the  MCR  scaling  factor  (3  years  are  sufficient 
in  high  man-caused  fire  areas) .   The  analysis  should  be  redone  every  2  years  so  that 
current  trends  can  be  accounted  for.   The  procedure  for  calculating  the  MCR  scaling 
factor  is: 

1.  Determine  the  total  number  of  MC  fires  that  occurred  on  protected  land  during 
the  most  recent  5  years  (Z  FIRES) . 

2.  Total  the  number  of  days  in  each  of  the  five  fire  seasons  and  add  together 
(Z  DAYS) . 

3.  Determine  the  average  of  the  daily  values  of  IC  for  each  of  the  five  seasons. 
Calculate  an  overall  average  (IC),  weighting  the  yearly  averages  by  the  number 
of  days  in  the  respective  season. 

4.  Determine  the  area  of  land  protected  in  millions  of  acres  and  multiply  by  X  DAYS. 
This  value  is  million  acre-days  (A-DAYS) . 
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MAN-CAUSED   RISK 


RISK  SOURCE  A 


RISK  SOURCE  B 


RISK  SOURCE 

RATIO 

"GUIDELINE  B" 

DAILY  ACTIVITY 

LEVEL 
"GUIDELINE  C" 

E 


RISK  SOURCE 

RATIO 
"GUIDELINE  B" 

DAILY  ACTIVITY 

LEVEL 
"GUIDELINE  C" 

NOMOGRAM  E-2 


PARTIAL  RISK 
RISK  SOURCE  A 
"  GUIDELINE  D" 


1 


UNNORMALIZED 

MCR 
"GUIDELINE  D" 


NOMOGRAM  E-2 


g 


PARTIAL  RISK 
RISK  SOURCE  B 
"  GUIDELINE  D" 


MAN -CAUSED 

RISK 
"GUIDELINE  E" 


MCR  SCALING 

FACTOR 

"GUIDELINE  A" 


Figure  3. — Computation  flow  chart  for  determining  man-oaused  risk.      Only  two  risk 
80uroes3  A  and  B3  are  shown.     In  reality 3   three  to  five  risk  sources  are  used  and 
the  partial  risks  summed  to  produce  the  unnormalized  man-caused  risk. 
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5.   Calculate  the  MCR  scaling  factor  according  to  the  following  formula: 


urn     , .    r        10  x  J  FIRES 
MCR  scaling  factor  =  

IC  x  A- DAYS 

EXAMPLE. --The  last  five  fire  seasons  in  Pocossin  County  are  summarized  in  the 
following  tabulation. 


Year's 


No.    of 

average 

Year 

MC  fires 

IC 

1972 

375 

44.2 

1973 

521 

49.7 

1974 

447 

48.5 

1975 

400 

46.6 

1976 

417 

43.2 

/ 


Fire  season  IC 

(days)  (a   x  d)                  (le/ld) 

187  8,265 

195  9,692 

200  9,700 

170  7,922 

168  7,258 


2,160  920  42,837        46.56  =  47 

IC  is  the  average  of  the  yearly  average  IC's  weighted  by  the  number  of  days  in  the 
respective  fire  season.   The  weighting  is  done  in  columns  e  and  f. 

The  third  term  in  the  equation  is  million  acre-days  (A-DAYS) .  It  is  the  product 
of  the  protected  area,  in  millions  of  acres,  and  the  total  number  of  days  in  the  five 
fire  seasons.   The  protected  area  in  Pocossin  County  is  1.8  million  acres. 

A-DAYS  =  Area  x  id 
=  1.8  x  920 


=  1,656 


Calculating  the  MCR  scaling  factor: 


MCR  scaling  factor  = 


10  x  2,160 


147  x  l,656j 

=  0.28 

If  several  protection  units  have  about  the  same  fuels,  weather,  and  fire  problem, 
a  single  MCR  scaling  factor  can  be  developed  from  the  combined  data  of  the  units.   This 
is  desirable  because  the  larger  number  of  data  will  produce  a  more  stable  MCR  scaling 
factor. 

Guideline  B:  Evaluation  of  the  Risk  Source  Ratios. --The  relative  contributions  to 
fire  starts  of  the  several  risk  sources  active  on  a  protection  unit  may  change  with  day 
of  the  week.   For  that  reason,  a  risk  source  ratio  is  calculated  for  each  risk  source 
for  each  of  the  7  days  of  the  week. 

It  is  not  necessary,  or  desirable,  to  follow  all  eight  statistical  causes.   The 
risk  sources  selected  for  monitoring  should,  at  a  minimum,  have  accounted  for  70  per- 
cent of  the  man-caused  fires  during  the  past  3  to  5  years.   In  most  cases,  fewer  than 
five  risk  sources  will  satisfy  the  70  percent  rule. 
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EXAMPLE. --74  percent  of  the  man-caused  fires  occurring  in  the  North  Carolina  Count; 
of  Pocossin  the  past  5  years  were  attributable  to  incendiarism,  debris  burn- 
ing, campfires,  and  machine  use.   The  remainder  of  the  causes  are  included  in 
"all  other." 

2S         Percent  of  fives 


Risk  source 

No.    of  j 

Incendiary 

562 

Debris  burning 

475 

Campfires 

194 

Equipment  use 

367 

All  other 

562 

26 
22 
9 
17. 
26 


74% 


Total  2,160  100 

By  day  of  the  week,  the  fires  were  distributed  as  follows: 


Mon 


Tues 


Number  of  fires* 
Wed         Thur         Fri 


Sat 


Sun 


Total 


9 

26 

60 

72 

80 

80 

72 

399 

29 

37 

43 

60 

143 

264 

100 

677 

6 

20 

17 

23 

55 

66 

75 

261 

57 

63 

60 

75 

89 

11 

9 

364 

49 

63 

80 

52 

57 

89 

69 

459 

Risk  source 

Incendiary 
Debris  burning 
Campfires 
Equipment  use 
All  other 

5 -YEAR  TOTAL  2,160 

*If  less  than  five  but  more  than  zero  fires  occur,  use  5. 

The  risk  source  ratio  is  calculated  using  this  formula: 

„ .  ,  700  x  No.  of  fires  for  day  of  week 

Risk  source  ratio  =  = ; — ^~. - 

Total  fires 

For  instance,  the  risk  source  ratio  for  debris  burning  for  a  Thursday  would  equal: 

700  x  60 


2,160 


=  19 


Using  this  formula,  the  array  of  risk  source  ratios  by  day  of  week  for  the  five 
risk  sources  in  the  example  looks  like  this: 

Risk  source  ratios 


Risk  source 

Mon 

Tues 

Wed 

Thurs 

Fri 

Sat 

Sun 

Incendiary 

3 

8 

19 

23 

26 

26 

23 

Debris  burning 

9 

12 

14 

19 

46 

86 

32 

Campfires 

2 

6 

6 

7 

18 

21 

24 

Equipment  use 

18 

20 

19 

24 

29 

4 

3 

All  others 

16 

20 

26 

17 

18 

29 

22 

Guideline  C:  Evaluation  of  the  Daily  Activity  Level. — Unlike  the  risk  source 
ratios  and  the  MCR  normalizing  factor,  which  are  semipermanent,  objectively  derived 
numbers,  the  daily  activity  levels  must  be  evaluated  each  day.   Because  they  are 
subjectively  determined,  the  fire  manager  must  monitor  factors  that  might  cause  devia- 
tions in  the  status  of  the  selected  risk  sources  from  what  is  normal  for  that  particu- 
lar day  of  the  week. 
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Deviations  from  NORMAL  are  rare.   NONE  or  EXTREME  might   occur  only  10  percent  of 
the  time;  LOW  or  HIGH,  20  percent  of  the  time.   The  daily  activity  level  guide  is  as 
follows: 


DAL 

Relative 
value 

Percentage  of 
occurrence 

NONE 
LOW 

0 

1 

5 
10 

NORMAL 
HIGH 

2 
4 

70 
10 

EXTREME 

8 

5 

Description 

Risk  source  totally  inactive. 

Risk  source  activity  well  below  normal 

for  the  day  of  the  week. 

Activity  typical  for  the  day  of  the  week. 

Risk  source  unusually  active;  about  twice 

the  typical  level  for  the  day. 

Activity  of  the  risk  source  unusually  high. 

Appropriate  only  for  risk  sources  that  are 

highly  variable  such  as  incendiary. 

Remember  this  very  important  principle:  The  assessment  is  relative  to  what  is 
normal  for  that  day  of  a  typical  week  during  the  fire  season.     This  is  a  significant 
refinement  of  the  1972  NFDRS  procedures,  where  the  reference  was  much  less  precisely 
defined. 

Recreation-related  activities  are  heavily  influenced  by  the  weather--current  and 
forecasted.   Other  risk  sources  such  as  railroads  are  very  persistent  and  should  be 
carried  as  NORMAL,  except  under  very  unusual  circumstances. 

Risk  source  ratios  will  automatically  account  for  the  weekend  peaks  of  recreational 
activity,  but  what  about  the  3-day  weekend  or  a  holiday  in  the  middle  of  the  week? 
On  such  occasions,  HIGH  or  even  EXTREME  daily  activity  levels  may  be  warranted  for  the 
risk  source  that  covers  recreation-related  causes. 

Consider  seasonal  influences  also.   Debris  burning  is  primarily  a  fall  and  spring 
activity.   During  these  periods,  a  HIGH  or  EXTREME  rating  can  easily  be  justified. 
Some  recreational  pursuits,  such  as  hunting,  are  also  very  seasonal. 

Guideline  D:   Calculation  of  the  Unnormalized  Man-Caused  Risk. — The  partial  risk 
contributed  by  each  risk  source  is  obtained  from  nomogram  E-l.   The  inputs  are  the 
daily  activity  level  and  the  risk  source  ratio  of  the  particular  risk  source.   The 
unnormalized  man-caused  risk  is  the  sum   of  the  partial  risks  contributed  by  each  of 
the  risk  sources. 

EXAMPLE:  November  2  is  Founder's  Day,  a  holiday  that  falls  on  Friday.   Nomogram 
E-l  is  used  to  calculate  the  partial  risks.   The  unnormalized  man-caused 
risk  is  the  sum  of  the  partial  risks--in  this  case,  53. 


Risk  source 

Incendiary 
Debris  burning 
Campfires 
Machine  use 
All  other 


Risk  source 

Daily  activity 

Partial 

ratio 

level 

risk 

26 

LOW 

3 

46 

HIGH 

23 

18 

EXTREME 

18 

29 

LOW 

4 

18 

NORMAL* 

5 

UNNORMALIZED  MAN-CAUSED  RISK**  53 

*The  "all  other"  risk  source  is  always  assigned  a  daily  activity  level  of  NORMAL. 
**The  unnormalized  MCR  may  total  more  than  100. 
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Guideline  E:   Calculation  of  Man-Caused  Risk. — The  value  of  MCR  entered  into  the 
computer  or  into  column  1^  of  the  10-day  fire  danger  and  fire  weather  record,  if  you 
are  calculating  the  NFDRS  ratings  manually,  is  determined  with  nomogram  E-2.   The 
Unnormalized  man-caused  risk  and  the  MCR  scaling  factor  are  the  inputs. 

EXAMPLE:  Again  consider  Pocossin  County;  entering  nomogram  E-2  with  an  unnormal- 
ized man-caused  risk  of  53  and  an  MCR  scaling  factor  of  0.28.   The  MCR  is  58. 
MCR  cannot  exceed  a  value  of  100 

Figure  4  is  a  suggested  form  for  computing  man-caused  risk  that  the  user  may  find 
Convenient  to  copy  and  reproduce. 


MAN-CAUSED  RISK  COMPUTATION  FORM 


Unit 


Date 


MCR  scaling  factor 


Day  of  week 


Partial 


Risk  source 

Risk  source 
ratio 

Daily  activity 
level 

risk 
(E-1) 

1. 

2. 

3. 

4. 

5. 

Total  -  Unnormalized  MC  RISK 
MCR  (E-2)  


Figure  4. — Form  for  computing  man-oaused  risk. 


Working  copies  of  nomograms  E-1  and  E-2  are  provided  in  the  back  of  this  book 
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APPENDIX  F 

INTERPRETATION  OF  THE  OCCURRENCE  INDEXES 

The  Lightning  Fire  Occurrence  Index  (LOI)  and  the  Man-Caused  Fire  Occurrence 
Index  (MCOI)  can  be  interpreted  in  units  of  fire  density,  fires  per  million  acres. 
At  a  value  of  100,  either  index  projects  an  average  of  10  fires  per  million  acres. 
Or  put  another  way,  each  unit  of  index  indicates  an  expectation  of  0.1  fire  per 
million  acres. 

You  must  be  careful  not  to  take  the  projections  too  literally  on  any  given  day. 
The  indexes  are  meant  to  indicate  what  will  happen  on  the  average   under  similar 
conditions . 

01' s  are  easily  translated  from  fires  per  million  acres  to  fires  per  rating  area. 
Simply  multiply  the  respective  01' s  by  the  area  of  the  rating  area  in  millions  of 
acres  and  divide  by  10. 

EXAMPLE:  Pocossin  County  has  a  protected  area  of  1.8  million  acres.  When  the 
MCOI  equals  66  and  the  LOI  equals  5,  on  the  average,  a  total  of  13  fires 
should  be  expected  in  the  county. 

Area  of  Expected 

rating  unit  Index  number 

01  (10&  ac)  value  of  fires 

MCOI  1.8  66  12.0 

LOI  1.8  5  1.0 

13.0 

In  the  preceding  example,  the  protection  unit  consists  of  only  one  rating  area. 
That  is,  the  fuels  and  topography  are  reasonably  uniform  and  only  one  fire  weather 
station  is  operated.   What  if  this  county  extends  over  a  portion  of  the  Coastal  Plains 
and  the  Piedmont?   In  this  case  the  unit  should  be  divided  into  two  rating  areas, 
hopefully  each  with  its  own  fire  weather  station. 

EXAMPLE:  Pocossin  County  is  divided  into  two  rating  areas,  Plains  and  Piedmont. 
The  areas  are  1.5  and  0.3  million  acres;  the  MCOI's  are  66  and  53;  and  the 
LOI's  are  5  and  0.   About  10  fires  are  projected  for  the  day. 


Rating 
area 

01 

Area  of 

rating  unit 

(10&  ac) 

Index 
value 

Expected 

number 
of  fires 

Piedmont 

MCOI 
LOI 

0.3 
0.3 

Subtotal 

66 
5 

2.0 

.2 

2.2  fires 

Plains 

MCOI 
LOI 

1.5 

1.5 

Subtotal 
Total 

53 
0 

8.0 
0 

8.0  fires 

10.2  or  10  fires 
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APPENDIX  G 


INTERPRETATION  OF  THE  BURNING  INDEX 

The  summary  publication  of  the  1972  NFDRS  postulated  that  the  effort  required  to 
:ontain  a  fire  was  proportional  to  the  length  of  flames  at  the  fire's  head.   New  infor- 
lation  indicates  that  difficulty  of  containment  is  proportional  not  to  the  flame  length, 
ut  to  the  fireline  intensity,  the  rate  of  heat  release  per  unit  length  of  fireline 
Byram  1959).   Following  this  latter  hypothesis,  the  magnitude  of  the  containment  job 
ictually  increases  more  than  twice  as  fast  as  the  BI . 

Flame  length  was  related  to  fireline  intensity  by  Byram  (1959).   Because  the  BI 
Is  based  on  flame  length,  the  BI,  fireline  intensity,  and  flame  length  are  interrelated. 

Roussopoulos  and  Johnson  (1975)  compiled  observations  of  Canadian,  Australian,  and 
American  fire  researchers  relating  fireline  intensity  to  fire  controllability  and  be- 
lavior.   That  information  and  the  flame  length  and  BI's  corresponding  to  the  critical 
fireline  intensities  are  summarized  in  table  9. 

It  should  be  noted  that  the  1978  BI  has  been  scaled  to  equal  78  when  the  predicted 
flame  length  is  7.8  feet.   That  flame  length  corresponds  to  a  fireline  intensity  of 
>00  Btu/sec/ft.   Above  a  fireline  intensity  of  500  Btu/sec/ft,  it  is  unlikely  that  a 
fire  can  be  controlled  by  conventional  means.   (Chemical  retardants  can  possibly 
reduce  the  intensity  of  a  fire  below  the  500  Btu/sec/ft  level  making  direct  attack 
Feasible.) 

In  nomogram  G-l  the  BI  is  plotted  against  fireline  intensity.   It  can  be  used  to 
derive  ideal   fireline  intensity  values  from  intermediate  values  of  the  BI . 


Table  9. --Five  behavior,   controllability s   and  fireline  intensity 


Narrative 


Most  prescribed  burns  are  conducted 
in  this  range 

Generally  represents  the  limit  of 
control  for  manual  attack  methods.^'  -  J_ 
The  prospects  for  ^control  by  any 
means  are  poor  above  this  intensity. 
The  heat  load  on  people  within  30 
feet  of  the  fire  is  dangerous. 
108         1,000        10.8       Above  this  intensity,  spotting, 

fire  whirls,  and  crowning  should  be 
expected. 


Burning   : 

Fireline 

Flame 

index   : 

intensity 

length 

Btu/s/ft 

Ft 

0-28 

0-50 

2.8 

38 

100 

3.8 

78 

500 

7.8 

3X 

700 

3.a 
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APPENDIX  H 


USING  THE  LIVE  FUEL  MOISTURE  PREDICTION  MODELS 

Whether  you  are  using  AFFIRMS  or  calculating  the  fire-danger  ratings  manually, 
i several  procedures  are  common  to  both  methods.   The  specifics  for  using  AFFIRMS  will 
be  covered  in  a  supplement  to  the  AFFIRMS  users'  manual  (Helfman  and  others  1975). 
|Manual  calculations  will  be  covered  in  Manually  Calculating  Fire-Danger  Ratings — 1978 
wational  Fire-Danger  Bating  System   (Burgan  and  others  1977) . 

Two  tasks  must  be  completed  prior  to  using  the  1978  NFDRS: 

1.  Herbaceous  fuels  in  each  fire-danger  rating  area  must  be  designated  as 
I  annuals  or  perennials. 

2.  A  climate  class  must  be  specified  for  each  rating  area. 

During  the  fire  season,  the  fire  manager  must  monitor  the  condition  of  live 
-fuels  and  signal  the  live  fuel  moisture  prediction  model  when  certain  events  occur. 
Those  key  events  are:  (1)  greenup,  whether  it  is  the  initial  flush  of  growth  in  the 
spring  or  whether  it  occurs  in  midseason  because  of  unusually  high  precipitation 
j or  some  other  cause;  and  (2)  curing  due  to  physiological  processes  or  as  a  result 
of  freezing. 

Guideline  A:  Selecting  the  Annual  or  Perennial  Designation  for  Herbaceous 
Fuels. --The  live  fuel  moisture  model  predicts  faster  drying  and  curing  rates  for 
annual  species  than  for  perennials. 

If  more  than  half  the  herbaceous  plants  in  a  rating  area  are  annuals,  designate 
them  as  annuals.   Otherwise,  they  are  perennials.   Seldom  will  the  annual  class  be 
appropriate  in  mountainous  areas  or  east  of  the  100th  Meridian. 

Fuel  Model  A  must   be  given  an  annual  designation  and  Fuel  Model  L  must   be  given  a 
perennial  designation. 

Guideline  B:  Selecting  a  Climate  Class. --The   four  NFDRS  climate  classes  correspond 
to  the  humidity  provinces  of  Thornthwaite' s  first  climate  classification  system 
(Thornthwaite  1931).   In  adapting  his  system,  we  grouped  the  arid  provinces  with  the 
semiarid  provinces  in  climate  class  1  because  the  true  desert  is  of  little  real  concern 
to  fire  management.   Also,  in  terms  of  fire  behavior,  the  subhumid  province  with  ade- 
quate year-long  precipitation  groups  better  with  the  humid  province  than  with  the  dry, 
subhumid  province.  Table  10  summarizes  the  characteristics  of  the  climate  classes  and 
figure  5  shows  their  general  distributions. 
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Table  10. --Climate  class  selection  guide. 


NFDRS 

Thornthwaitel : 

L 

climate 

humidity    : 

class 

province   : 

Characteristic  vegetation  : 

Regions 

Arid 


Desert  (sparse  grass  and 
scattered  shrubs) 


Sonoran  deserts  of  west  Texas,  New  Mexico, 
southwest  Arizona,  southern  Nevada,  and 
western  Utah;  and  the  Mojave  Desert  of 
California. 


Semiarid 


Subhumid 
(rainfall 
deficient  in 
summer 


Subhumid 
(rainfal 1 
adequate  in 
all  seasons) 


Humid 


Wet 


Steppe  (short  grass  and 
shrubs) 


Savanna  (grasslands, 
dense  brush  and  open 
conifer  forests) 


Savanna  (grasslands 
and  open  hardwood 
forests) 


Forests 


Rain  forest  (redwoods. 
and  spruce-cedar- 
hemlock) 


The  short  grass  prairies  of  the  Great 
Plains;  the  sagebrush  steppes  and  pinyon/ 
juniper  woodlands  of  Wyoming,  Montana,  Idaho, 
Colorado,  Utah,  Arizona,  Washington,  and  Ore- 
gon; and  the  grass  steppes  of  the  central 
valley  of  California. 

The  Alaskan  interior;  the  chaparral  of 
Colorado,  Arizona,  New  Mexico,  the  Sierra 
Nevada  foothills,  and  southern  California;  oak 
woodland  of  California;  ponderosa  pine  wood- 
lands of  the  West;  and  mountain  valleys  (or 
parks)  of  the  Northern  and  Central  Rockies. 

Blue  stem  prairies  and  blue  stem-oak-hickory 
savanna  of  Iowa,  Missouri,  and  Illinois. 


Almost  the  entire  eastern  United  States;  and 
those  higher  elevations  in  the  West  that  sup- 
port dense  forests. 

Coast  of  northern  California,  Oregon,  Wash- 
ington, and  southeast  Alaska. 


!Thornthwaite  1931. 
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NFDRS  CLIMATE  GLASS 


1  □ 
2D 


Figure  5. — Map  of  the  United  States  showing  the  general   locations  of  the  NFDRS  climate 
classes.      The  descriptions  of  the  NFDRS  climate  classes^    the  geographical  areas 
where  they  should  be  used3   and  the  characteristic  vegetation  of  those  areas  are 
tabulated  in  table  10. 
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The  rules  for  selecting  a  climate  class  are  flexible.   The  objective  is  to 
select  the  climate  class  that  produces  the  best  assessment  of  live  fuel  moisture 
conditions  in  the  rating  area.   For  instance,  in  the  same  geographical  region  a 
climate  class  for  an  area  at  high  elevation  will  likely  be  different  than  the  one 
used  for  rating  areas  at  lower  elevations. 

There  is  nothing  to  prevent  you  from  changing  climate  classes  in  the  middle  of 
the  season.   If  the  System  is  drying  the  live  fuels  too  rapidly,  go  to  the  next 
lower  climate  class,  namely,  2  instead  of  3.   Conversely,  if  the  System  is  not  drying 
the  live  fuels  rapidly  enough,  use  the  next  higher  climate  class,  namely,  4  instead 
of  3. 

However,  you  should  be  able  to  make  a  reasonable  choice  before  hand  by  making 
FIRDAT  runs  (Furman  and  Helfman  1973;  Furman  and  Brink  1976)  for  key  stations  using 
several  climate  classes.   Choose  the  one  that  produces  the  best  fit  between  the 
predicted  and  the  observed  live  fuel  conditions. 

Selecting  the  climate  class  requires  judgment  and  knowledge  of  the  areas  being 
rated.   Climate  class  enables  the  user  to  tune   the  NFDRS  to  his  area. 

Guideline  C:   Greenup. --In  all  but  the  tropical  areas  of  the  United  States,  greenup 
will  occur  rather  suddenly  in  the  spring  with  warming  temperatures.   Greenup  is  signaled 
by  the  emergence  of  new  growth  on  shrubs  and  trees,  and  the  sprouting  of  herbaceous 
plants.   In  desert  areas,  or  where  the  herbaceous  ground  cover  consists  primarily  of 
annuals,  rainy  periods  often  cause  a  flush  of  new  growth  in  the  middle  of  the 
growing  season. 

In  the  interactive,  time  share  computer  program  AFFIRMS,  greenup  is  phased  in  over 
a  period  dependent  on  the  climate  class  of  the  station.   The  time  allowed  for  complete 
greenup  is  7,  14,  21,  and  28  days  for  climate  classes  1,  2,  3,  and  4,  respectively. 
Hence,  AFFIRMS  users  should  declare  greenup  at  the  earliest  appropriate  time. 

For  those  calculating  the  ratings  manually,  the  greenup  phasing  feature  is  not 
available.   In  such  cases,  the  user  must  not  declare  greenup  until  new  growth  is  wide- 
spread.  Otherwise,  a  premature  reduction  in  the  fire-danger  ratings  may  result. 

Guideline  D:   Curing . --Curing  of  the  herbaceous  fuels  can  come  about  in  two  ways: 
physiologically  or  due  to  freezing.   Annuals  normally  complete  their  life  cycle-- 
sprout ,  flower,  and  produce  seed--well  within  the  normal  growing  season. 

Perennial  species  usually  cure  very  late  in  the  season  when  temperatures  drop 
below  what  is  necessary  for  growth.   Also,  several  days  of  below  freezing  temperatures 
or  a  single  hard  freeze  may  bring  about  a  sudden  end  to  growth  in  perennial  herbs  and 
forbs  and  in  woody  shrubs. 

It  is  very  important  that  you  indicate  when  a  cured  condition  exists.   If  the 
model  has  not  already  cured  the  herbaceous  plants  out,  your  signal  will  cause  it 
to  do  so.   As  when  declaring  greenup,  be  careful  to  indicate  curing  only  when  the 
process  is  nearly  complete.   The  fire-danger  ratings  may  show  a  sudden  increase  when 
curing  is  declared,  particularly  for  those  fuel  models  having  a  high  proportion  of 
live  woody  material. 

Guideline  E:   Coding  Greenup  and  Curing .--In   both  the  manual  and  computerized 
systems,  spring  or  midseason  greenups  are  indicated  by  a  G  for  the  herbaceous  vegeta- 
tion condition  on  the  day  it  occurs.      Curing  without  a  freeze  will  be  indicated  by  a 
C  and  curing  by  a  freeze  an  F.   In  AFFIRMS  the  change  in  herbaceous  vegetation 
condition  is  entered  into  the  station  catalog.   In  the  manual  system  it  will  be  entered 
in  column  9  of  the  10-day  Fire  Danger  and  Fire  Weather  Record. 
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APPENDIX  I 

THE  10-HOUR  TIMELAG  FUEL  MOISTURE 

The  10-h  TL  FM  can  be  estimated  using  either  of  two  methods: 

1.  From  the  weighing  of  the  standard  array  of  1/2-inch  ponderosa  pine  fuel  sticks. 

2.  From  mathematical  models  that  require  temperature,  relative  humidity, 
precipitation,  and  insolation  data. 

If  the  user  chooses  not  to  weigh  fuel  sticks  and  is  subscribing  to  the  AFFIRMS 

program,  the  10-h  TL  FM  will  be  automatically  computed  by  the  predictive  model 

ideveloped  by  NFDRS  research.  If  the  user  is  computing  fire  danger  manually,  the 

procedure  for  estimating  the  10-h  TL  FM  is  covered  by  Burgan  (Burgan  and  others  1977, 
lappendix  B) . 

The  first  option  is  preferred  and  recommended.   Fuel  sticks  integrate  the  whole  of 
the  environment,  including  the  effects  of  varying  day  length  and  cloudiness,  better  than 
any  conceivable  computational  scheme. 

In  the  1972  NFDRS,  the  fuel  stick  moisture  values  were  used  directly  as  the 
10-h  TL  FM.   However,  a  number  of  workers  (Nelson  1956;  Morris  1959;  Haines  and 
Frost3)  have  shown  that  weathering  significantly  reduces  the  dry  weight  of  fuel  mois- 
ture sticks.   If  that  weight  loss  is  not  taken  into  account,  the  reported  moisture 
contents  will  be  lower  than  actual;  the  result  is  an  inflated  fire-danger  rating. 

The  nomogram  1-1  is  to  be  used  for  estimating  the  10-h  TL  FM  from  the  fuel  stick 
weight.  Nomogram  1-1  is  taken  from  the  recent  study  by  Haines  and  Frost.3  A  working 
copy  of  1-1  is  provided  in  the  back  of  this  book. 

To  use  the  nomogram,  locate  the  value  corresponding  to  the  observed  fuel  stick 
moisture  content  on  the  x-axis  (horizontal).  Trace  upward  parallel  to  the  y-axis 
until  you  intercept  the  diagonal  line  corresponding  to  the  age  of  the  fuel  sticks 
(interpolate  when  required).  The  10-h  TL  FM  is  read  from  the  y-axis  directly  to  the 
left  of  the  intersection  point. 

EXAMPLE. --If  the  observed  fuel  stick  moisture  is  11.5  grams  and  the  sticks 
have  been  used  for  2  months,  what  is  the  correct  10-h  TL  FM? 

Answer. --14. 5  percent. 

Clean  and  balance  your  scales  frequently.   Inspect  the  fuel  sticks  daily  for 
rodent  chewing  and  checking,  and  replace  if  any  damage  is  discovered.  A  replacement 
set  of  sticks  should  be  set  out  a  minimum  of  1  week  before  being  used  to  rate  fire 
danger. 

Fuel  sticks  should  be  supported  on  a  wire  rack  10  inches  above  a  conifer  or 
hardwood  leaf  litter,  sawdust,  or  wood  chip  covered  surface.  They  should  be  located 
so  as  to  be  in  full  sun  from  at  least  0900  to  1500  local  time. 


3Haines,  Donald  A.,  and  John  S.  Frost.  Weathering  of  100-g  (1/2-inch)  fuel 

moisture  sticks.  USDA  For.  Serv.  Res.  Note,  North  Cent.  For.  Exp.  Stn.,  St.  Paul, 

Minn,  (in  preparation). 
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APPENDIX  J 


THE  10-DAY  FIRE  DANGER  AND  FIRE  WEATHER  RECORD 

This  form  (fig.  6)  and  the  instructions  for  its  use  that  follow  have  been 
proposed  to  the  National  Weather  Service  to  replace  the  WS  Form  D-9a.  The  new  form 
has  been  designed  to  serve  both  as  a  worksheet  for  manually  calculating  the  fire- 
danger  ratings  manually  and  as  a  weather  recording  form. 
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WS  Form  t U.S.  Department  of  Commerce 

Prec.  by  WCOM  D-9a  National  Oceanic  and  Atmospheric  Administration 

National  Weather  Service 

GENERAL  INSTRUCTIONS 

The  WS  Form  is  designed  to  give  uniformity  to  recordings  of  fire  weather 

Band  fire-danger  rating  data.   Objectives  are: 

1.  To  provide  a  means  for  recording  weather  and  fuel  data  necessary  for  calcula- 
tion of  fire-danger  rating  values. 

2.  To  facilitate  computation  of  the  fire-danger  rating  values. 

3.  To  provide  for  the  recording  of  selected  climatological  information. 

The  time  of  BASIC  observation  will  be  established  by  fire  managers  in  consultation 
Jwith  the  National  Weather  Service  fire  weather  forecaster.   Once  the  BASIC  observation 
itime  is  established,  it  should  not  be  changed;  for  example,  if  the  BASIC  observation 
jis  established  at  1300  local  standard  time  (LST) ,  then  it  should  be  taken  at  1400 
:whenever  daylight  savings  time  (DST)  is  observed. 

The  WS  Form  will  be  completed  in  duplicate;  however,  more  or  fewer  copies 

|may  be  required  by  your  agency.   Use  fresh  carbon  paper  and  a  hard  pencil  (2-3/4,  3, 
lor  2H)  with  a  sharp  but  rounded  point.   Please  DO  NOT  use  a  ballpoint  pen  or  type- 
jwriter.   Entries  must  be  neat  and  legible.   On  the  1st,  11th,  and  21st  days  of  each 
month,  dispose  of  the  forms  for  the  preceding  10  days  as  your  agency  directs. 

Questions  concerning  instructions,  observations,  or  use  of  this  form  should  be 
addressed  to  your  fire  weather  forecaster. 

RECORDING  READINGS  FROM  INSTRUMENTS:  ROUNDING  OF  ENTRIES- -In  reading  thermometers 
and  other  instruments,  values  will  seldom  fall  exactly  on  a  graduation.   If  the  value 
is  halfway,  or  more  than  halfway,  between  two  graduations,  record  the  next  highest 
value;  if  less  than  halfway,  record  the  lower  value.   Example: 

Thermometer  reads  82.5°  Record  83 

Rain  measures  0.055  inch  Record  0.06 

10  min  average  wind  is  2.5  mi/h  Record  3 

Fuel  stick  moisture  content  is  12.4%  Record  12 

Average  relative  humidity  is  42.5%  Record  43 

STARTING  THE  WS  FORM  --Fill  in  all  heading  spaces  to  identify  and  locate  your 

station;  the  name  of  your  forest,  district  (BLM) ,  county,  etc.,  should  be  entered  under 
"Unit."  The  "Station  Number"  will  be  provided  by  the  fire  weather  forecaster.   The 
"Fuel  Model,"  "Slope  Class,"  "Annual -Perennial ,"  and  "Climate  Class"  applicable  to 
the  rating  area  will  be  supplied  by  your  local  fire  management  'officer.   Using  the 
' 24-hour  clock,  enter  the  "Basic  Observation  Time"  in  local  standard  time  (LST)  EVEN 
WHEN  DAYLIGHT  SAVINGS  TIME  IS  BEING  OBSERVED. 

This  form  is  a  10-day  record  to  cover  the  period(s)  1-10,  11-20,  and  21-end  of 
month.   Make  the  appropriate  "Period  of  Record"  entry.   NEVER  ENTER  DATA  FROM  MORE 
THAN  ONE  OF  THESE  PERIODS  ON  THE  SAME  SHEET.   LEAVE  BLANK  THOSE  LINES  FOR  DAYS  WHEN 
OBSERVATIONS  ARE  NOT  TAKEN. 

At  the  beginning  of  the  season,  an  initial  value  of  30  percent  can  be  assumed  for 
the  100-hour  timelag  fuel  moisture  (col.  36)  and  the  1,000-hour  timelag  fuel  moisture 
(col.  40).   Other  starting  values  can  be  used  if  there  is  evidence  that  these  values 
are  inappropriate. 
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Column 

number  COLUMN  INSTRUCTIONS 


1  Day  of  the  Month.      In  the  first  10  days  of  the  month  (first  decade)  change 
the  zero  to  10.   In  the  second  decade,  insert  figures  so  days  will  read  11 
to  20,  and  in  the  third  decade,  21  to  30.   Line  31  is  used  only  in  months 
having  31  days. 

2  State  of  Weather.      Record  highest  applicable  code  number  describing  the 
weather  at  BASIC  observation  time  from  the  table  below: 

Code  State  of  Weather 

0  Clear  (less  than  1/10  of  sky  cloud  covered). 

1  Scattered  clouds  (1/10  to  5/10  cloud  covered). 

2  Broken  clouds  (6/10  to  9/10  cloud  covered). 

3  Overcast  (more  than  9/10  of  sky  cloud  covered) . 

4  Foggy. 

5  Drizzling  (precipitation  of  numerous  fine  droplets;  in  some  areas 

referred  to  as  "misting") . 

6  Raining. 

7  Snowing  or  sleeting. 

8  Showering  (showers  in  sight  or  occurring  at  station) . 

9  Thunderstorm  in  progress  (lightning  seen  or  thunder  heard).  At  lookout 
stations  and  others  having  unrestricted  visibility,  record  thunderstorm 
in  progress  only  when  activity  is  not  more  than  30  miles  away. 

3  5  4     Dry  and  Wet  Bulb  Temperatures.      Read  thermometers  to  nearest  whole  degree. 

Use  a  minus  sign  to  indicate  temperatures  below  zero.  If  this  form  is  being 
used  to  record  forecasted  weather  information,  the  dew  point  can  be  recorded 
in  col .  4  if  needed. 

5  Relative  Humidity.      Determine  from  National  Weather  Service  psychrometric 
tables,  series  TA  No.  454-0-1  (A,  B,  C,  D,  or  E  as  appropriate  for  your 
elevation) . 

6  Fuel  Stiok  Weight.      Determine  the  weight  of  the  1/2-inch  fuel  moisture 
sticks  to  the  nearest  gram.   If  the  sticks  are  snow  or  ice  covered,  or  if  it 
is  raining  at  BASIC  observation  time,  shake  the  snow,  ice,  or  water  from  the 
sticks  before  weighing;  enter  98  in  col.  9. 

10-h  Timelag  Fuel  Moisture.      Determine  the  fuel  stick  moisture  content  using 
the  appropriate  NFDR  nomogram.   If  fuel  sticks  are  not  used,  compute  by  the 
optional  NFDR  method. 

8  1-h  Timelag  Fuel  Moisture.      Compute  using  the  appropriate  NFDR  nomogram. 

9  Herbaceous  Vegetation  Condition.  This  entry  will  be  supplied  by  your  local 
fire  management  officer  in  accordance  with  NFDR  instructions.  Code  "G"  for 
greenup;  "C"  for  cured;  and  "F"  if  curing  occurs  due  to  a  freeze. 

10  Fine  Fuel  Moisture.      Compute  using  the  appropriate  NFDR  nomogram. 

11  Wind  Direction.      Enter  the  direction  FROM  which  wind  is  blowing.   Make  entry 
using  following  code:  NE,  1;  E,  2;  SE,  3;  SW,  5;  W,  6;  NW,  7;  N,  8;  Calm,  0. 

12  Windspeed.      Enter  the  10-minute  average  speed  to  nearest  whole  mi/h. 
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COLUMN  INSTRUCTIONS 


Spread  Component 3   Energy  Release  Component 3   Burning  Index,   and  Ignition 
Component.      Compute  using  the  NFDR  nomograms  appropriate  for  your  fuel 
model. 

Lightning  Risk  and  Lightning  Occurrence  Index.    .     Compute  using  the  appropriate 
NFDR  nomograms. 

Man-Caused  Risk.      Compute  in  accordance  with  NFDR  instructions. 

Man-Caused  Occurrence  Index  and  Fire  Load  Index.      Compute  using  the  appro- 
priate NFDR  nomogram. 

REMARKS. --Enter  information  such  as  "a  second  period  of  precipitation" 
or  "thunderstorm  event"  and  weather  information  that  is  not  otherwise 
recorded,  such  as  "rain  changes  to  snow."  Also,  explain  any  data  not  clari- 
fied in  a  column  entry,  identifying  data  and  column.   For  example:  on  the 
9th  at  1330,  the  wind  shifted  abruptly  from  SW  at  15  mi/h  to  NW  at 
25  mi/h.   Under  remarks  enter  "col.  ll--at  1330  wind  shifted  from  SW  15  to 
NW  25."  Note  "fuels  wet  or  snow  (or  ice)  covered"  when  appropriate.   Be  sure 
entries  begin  on  the  line  corresponding  to  the  date  of  occurrence.   Reasons 
for  missing  an  observation  should  also  be  recorded.   Make  all  entries  as 
brief  as  possible. 

DAILY  (24-hour)  DATA 

Data  in  col.  23  through  26,  31,  and  32  are  for  the  period  from  BASIC  observa- 
tion time  yesterday  to  BASIC  observation  time  today.   Entries  in  col.  29,  30, 
33,  34,  and  35  cover  the  period  from  0001  to  2400  LST  of  the  date  of  occur- 
rence.      (See  example  in  col.  32  instructions.) 

Day  of  the  Month.      See  col.  1  instructions. 

Temperatures,   Maximum  and  Minimum.*     Record  to  the  nearest  whole  degree.   The 
maximum  temperature  (read  today)  cannot  be  lower  than  the  dry-bulb  tempera- 
ture at  observation  time  yesterday  or  today.   The  minimum  temperature  (read 
today)  cannot  be  higher  than  the  dry-bulb  temperature  at  observation  time 
yesterday  or  today. 

>  $  26  Humidity,   Maximum  and  Minimum.1      If  recording  instruments  are  not  available, 
estimate  in  accordance  with  the  NFDR  instructions. 

27      Average  Relative  Humidity.      Record  to  the  nearest  whole  percent.   Compute 
by  adding  the  entries  in  col.  25  and  26  and  dividing  by  two. 

\  Precipitation  Kind.      Enter  highest  applicable  code  number  as  follows: 

0  No  precipitation  7  Snow  or  sleet 

5  Drizzle  8  Showers 

6  Rain  9  Hail 

Note:   If  "zero"  is  entered  in  col.  28,  leave  col.  29,  30,  31,  and  32  blank. 

Time  Precipitation  Began  and  Time  Ended.*     Use  24-hour  clock,  making  entries 
to  the  nearest  hour  on  the  dateline  of  occurrence.   Use  "Remarks"  space  for 
indicating  more  than  one  period  of  precipitation.   If  beginnings  and  endings 
are  unknown,  estimate  and  note  in  "Remarks."  Use  the  entry  "cont"  to  denote 
precipitation  continuing  past  midnight. 
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Column 
number 


COLUMN  INSTRUCTIONS 


31  Precipitation  Duration.*     This  value  should  represent  the  total  time  that 
fuels  were  exposed  to  liquid  water  (rain)  since  BASIC  observation  time 
yesterday.   If  several  periods  of  rainfall  occurred,  this  value  should  be 
the  cumulative  total  of  the  durations  of  all  occurrences  rounded  to  the  next 
highest  full  hour.   If  it  is  raining  at  the  time  of  BASIC  observation,  the 
duration  of  rainfall  up  to  that  time  is  recorded;  the  remainder  of  the  storm 
will  be  accounted  for  the  following  day,  if,   and  only  if  the  total  duration 
of  the  storm  for  both  days  exceeds  1  hour.      Rains  lasting  less  than  one- 
half  hour  and   producing  only  a  trace  amount  should  be  disregarded.   If  more 
than  a  trace  is  received,  a  minimum  of  1  hour  should  be  entered  in  col.  31. 
Treat  hail  and  snow  as  rain. 

32  24-hour  Precipitation  Amount.  *     Always  empty  the  gage  after  taking  a  measuren 
If  no  precipitation  occurs,  record  a  zero.   If  less  than  0.005  inch  occurs, 
record  as  a  trace  (T) .   0.005  inch  will  be  recorded  as  0.01  inch.   Melt 

snow  and  hail  and  measure  the  same  as  rain. 


Example  of  recordings  for  a  rainfall  event: 


July  2 
July  2 
July  2 


Rain  I 

begins 

8 

30 

a.m. 

3 

00 

p.m. 

8 

30 

p.m. 

Rain  ends 

12:15  p.m. 
5: 30  p.m. 
cont. 


Measured  at  BASIC 
time  of  1300  LST 

0.15 


July  3         cont. 

Record  these  events  as  follows 


2:30  a.m. 


0.45 


Date 


Kind 


Time 
began 


Time 
ended 


Duration 


Amount 


Remarks 


2 

6 

08 

12 

4 

0.15 

Rain  15-18 
and  21  cont 

3 

6 

cont . 

03 

9 

0.45 

33  §  34  Time  Lightning  Began  and  Time  Ended.      Use  24-hour  clock,  making  entries  to 
the  nearest  hour  on  the  dateline  of  occurrence.   Record  when  lightning  is 
first  seen  or  thunder  heard.   At  lookout  stations  and  others  having  un- 
restricted visibility,  consider  only  those  thunderstorms  occurring  within 
30  miles  of  the  observation  station. 


Lightning  Activity  Level.      Complete  in  accordance  with  NFDR  instructions. 

36  100-h  Timelag  Fuel  Moisture.      Assume  30  percent  for  an  initial  100-h  timelag 
fuel  moisture  value  in  the  spring.   The  "yesterday's"  100-h  timelag  fuel 
moisture  input  is  the  100-h  timelag  fuel  moisture  from  the  previous  day 
entry  (col.  36).   Compute  using  the  NFDR  nomogram. 

37  Today's  1,000-h  BNDRY  Value.      Compute  using  the  appropriate  NFDR  nomogram. 
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jColumn 

number  COLUMN  INSTRUCTIONS 


!  38      Average   7-day  l3000-h  BNDRY  Value.      Compute  by  summing  the  current  day's 
and  the  previous  6  days'  1,000-h  BNDRY  values  and  divide  by  7. 

;  39  Change  in  ls000-h  Timelag  Fuel  Moisture.  Compute  using  the  appropriate 
NFDR  nomogram.  Record  the  change  as  positive  (+)  or  negative  (-) .  The 
"prior  7-day  1,000-h  timelag  fuel  moisture"  is  the  last  entry  in  col.  40. 

40  IjOOO-h  Timelag  Fuel  Moisture.  Compute  by  adding  the  (+)  or  (-)  change  in 
1,000-h  timelag  fuel  moisture  from  col.  39  to  the  previous  1,000-h  timelag 
fuel  moisture  value  in  col.  40. 

i  41       Woody  Fuel  Moisture.      Compute  using  the  appropriate  NFDR  nomogram. 

|42  §  43  X1000  Moisture  Value  and  Herbaceous  Fuel  Moisture.      The  XI 000  moisture  value 

assumes  the  1,000-h  timelag  fuel  moisture  value  at  the  time  herbaceous  greenup 
occurs  (triggered  by  herbaceous  vegetation  condition  (col.  9)).   Compute  the 
XI 000  value  from  the  NFDR  nomogram  using  the  previous  7-day  X1000  moisture 
value.   Herbaceous  fuel  moisture  is  computed  for  annual  or  perennial  vegeta- 
tion from  an  NFDR  nomogram. 

k  -  D     These  columns  may  be  used  for  supplemental  data,  predictions,  and  so  on. 


*If  observations  for  a  day  are  missed,  estimate  them  using  any  available  informa- 
tion.  Explain  under  "Remarks." 
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Deeming,  John  E. ,  Robert  E.  Burgan,  and  Jack  D.  Cohen. 

1977.  The  National  Fire-Danger  Rating  System— 1978.  USD  A  For.  Serv. 
Gen.  Tech.  Rep.  INT-39,  63  p.  Intermt.  For.  and  Range  Exp. 
Stn. ,  Ogden,  Utah  84401. 

The  1978  National  Fire-Danger  Rating  System  (NFDRS)  updates  the  danger 
rating  system  developed  in  the  early  1970's  and  published  by  Deeming  and 
others  in  1972.  Numerous  changes  have  been  made  to  correct  deficiencies 
and  to  incorporate  new  technology. 

The  results  of  this  work  are  presented  in  two  publications.  This  publica- 
tion covers  the  general  information  on  the  NFDRS  and  its  application;  a 
second  publication  (Burgan  and  others  1977)  contains  the  nomograms  and 
directions  for  calculating  fire-danger  ratings  manually. 
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fuel  moisture  content,  lightning,  man-caused  forest  fires,  fire  weather. 
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RESEARCH  SUMMARY 


This  publication  contains  instructions  for  manually  calculating  the  indexes 
and  components  of  the  197  8  National  Fire-Danger  Rating  System  (NFDRS). 
The  procedures  are  explained  with  worked  examples.    Working  sets  of  nomo- 
grams for  the  20  NFDRS  fuel  models  are  not  included.    However,  an  order 
form  for  obtaining  the  needed  nomograms  is  provided. 

USDA  Forest  Service  General  Technical  Report  INT-39,  The  National 
Fire-Danger  Rating  System — 1978  by  John  E.  Deeming,  Robert  E.  Burgan, 
and  Jack  D.  Cohen,  a  companion  publication,  covers  the  NFDRS  background, 
applications,  and  general  principles  of  the  system. 
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Fire  load  index 
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Lightning  activity  level 

Lightning-caused  fire  occurrence  index 

Lightning  risk 

Man-caused  fire  occurrence  index 

Man-caused  risk 

National  Fire-Danger  Rating  System 

Spread  component 

Timelag 

1-hour  timelag  fuel  moisture  content 

10-hour  timelag  fuel  moisture  content 

100-hour  timelag  fuel  moisture  content 

1,000-hour  timelag  fuel  moisture  content 


PREFACE 

At  the  time  of  this  writing,  the  1972  version  of  the  National  Fire-Danger  Rating 
System  (Deeming  and  others  1972)  is  being  used  by  all  Federal  and  35  State  agencies 
charged  with  protecting  forest  and  range  land  from  wildfire.     The  1972  System  was 
implemented  as  a  manual  system  utilizing  tables  for  computing  the  indexes  and 
components.    An  interactive,  time-share  computer  program  to  do  the  computations 
(AFFIRMS)  was  developed  during  the  period  1972  to  1974  and  was  made  available 
for  general  use  in  early  1975  (Helfman  and  others  1975).    In  1976,  about  one-third 
of  the  data  processed  through  the  NFDRS  was  done  manually.    Though  AFFIRMS 
usage  is  expanding,  there  is  a  continuing  need  for  a  method  to  compute  the  ratings 
by  hand.    This  publication  covers  the  manual  procedures  for  the  1978  update  of  the 
NFDRS  (Deeming  and  others  1977). 

The  manual  procedures  of  the  1978  NFDRS  are  more  complex  than  those  of 
the  1972  System.    With  the  addition  of  the  1,000-hour  timelag  fuel  class,  separate 
occurrence  indexes  for  man-caused  and  lightning-caused  fires,  and  a  more 
comprehensive  ignition  component,  increased  complexity  was  unavoidable.     But 
there  have  been  trade-offs.     For  instance,  an  office  procedure  for  determining 
live  fuel  moisture  contents  has  been  substituted  for  the  bothersome  and  usually 
unsatisfactory  field  transects. 


These  procedures  have  been  thoroughly  tested.  If  you  conscientiously  work 
through  the  examples  and  problem  set,  you  will  find  that  it  will  take  only  a  little 
longer  to  compute  the  1978  ratings  than  it  took  for  the  1972  ratings. 


WHY  NOMOGRAMS  ARE  USED 


The  1978  NFDR  indexes  and  components  are  calculated  from  nomograms  that  offer  many 
advantages  over  the  tables  used  for  the  1972  NFDR  System: 

--Closer  agreement  between  ratings  calculated  by 
the  manual  and  computer  systems. 

--No  need  to  arbitrarily  establish  class  boundaries 
as  when  constructing  tables. 

--Better  understanding  of  how  factors  such  as  temperature, 
relative  humidity,  windspeed,  and  slope  affect  indexes 
and  components. 


DIFFERENCES  BETWEEN  MANUAL  AND 
COMPUTER  SYSTEMS 


To  keep  manual  calculations  within  reason,  the  manual  system  has  been  simplified 
over  the  computer  system.  Therefore,  while  index  and  component  values  calculated  from 
the  nomograms  will  be  close  to  those  produced  by  the  computer,  the  results  cannot  be 
expected  to  match  perfectly.  The  significant  differences  between  the  two  systems  are: 

1.  In  the  manual  system,  an  assigned  temperature  is  used  for  the  computation  of 
the  1-,  10-,  100- ,  and  1,000-h  TL  fuel  moistures.  The  observed  temperatures 
are  used  in  the  computer  version. 

2.  The  24-hour  average  relative  humidity  is  used  to  calculate  the  24-hour  average 
equilibrium  moisture  content  (EMC)  in  the  manual  system.   But  in  the  computer 
system,  two  EMC  values  are  calculated:  one  from  the  maximum  temperature  and 
and  minimum  relative  humidity;  the  other  from  the  minimum  temperature  and 
maximum  relative  humidity.  These  two  EMC  values  are  then  weighted  by  the 
hours  of  daylight  and  darkness  to  obtain  a  final  24-hour  average  EMC  value. 

As  a  result,  the  computer  version  will  predict  higher  100-  and  1,000-h 
TL  fuel  moistures  than  the  manual  system  when  the  days  are  shorter  than  the 
nights;  and  lower  100-  and  1,000-h  TL  fuel  moistures  when  the  days  are 
longer  than  the  nights. 

3.  In  the  manual  system,  the  1-h  TL  fuel  moisture  and  the  herbaceous  fuel  mois- 
ture are  combined  into  a  single  value  called  the  fine  fuel  moisture.      The  fint 
fuel  moisture  is  an  equivalent  moisture  content  that  can  be  used  for  dead  and 
living  fine  fuels.   It  produces  the  same  spread  and  energy  release  component 
values  as  if  a  separate  accounting  were  made  of  the  live  and  dead  fuel  mois- 
tures.  In  the  computer  version,  the  1-h  TL  and  herbaceous  fuel  moistures  are 
kept  separate. 

4.  Whenever  the  maximum  likely  effect  of  any  particular  dead  or  live  fuel  compo- 
nent is  small,  it  is  excluded  for  simplification.   For  example,  the  G  model 
contains  live  woody  material,  but  the  effect  of  this  material  on  the  energy 
release  component  is  small.   So  it  is  not  included  in  the  ERC  calculation. 
However,  because  the  woody  material  does  have  a  significant  effect  on  the  rate 
of  spread,  it  is  included  in  that  calculation. 

5.  The  manual  system  assumes  an  immediate  greenup  when  the  growing  season  starts. 
The  computer  version,  on  the  other  hand,  allows  a  gradual  greening  over  a  time 
period  dependent  upon  the  climate  class. 

6.  The  1,000-h  TL  fuel  moisture  is  updated  weekly  in  the  manual  system,  while 
it  is  updated  daily  in  the  computer  version.   During  rainy  periods,  the 
1,000-h  TL  fuel  moisture  can  change  rapidly.   In  such  cases,  the  manual  system 
will  tend  to  overrate  fire  danger  until  the  1,000-h  TL  fuel  moisture  is 
recalculated. 


TYPES  OF  NOMOGRAMS 


Manual  calculations  utilize  three  general  types  of  nomograms: 

Type   1. --Those  that  are  needed  daily  for  most,  if  not  all,  fuel  models: 
--1-h  Timelag  Fuel  Moisture 
--10-h  Timelag  Fuel  Moisture  (computed)1 
--10-h  Timelag  Fuel  Moisture  (measured) 
--100-h  Timelag  Fuel  Moisture 

--BNDRY  Value  (for  the  1,000-h  timelag  fuel  moisture) 
--Lightning  Risk 
--Lightning  Occurrence  Index 
--Partial  Risk 
--Man-Caused  Risk 

--Man-Caused  Fire  Occurrence  Index 
--Fire  Load  Index 

Type   2. --Those  used  every  seventh   day  for  most,  if  not  all,  fuel  models 
--Change  in  1,000-h  Timelag  Fuel  Moisture 
--Woody  Fuel  Moisture 
--Herbaceous  Fuel  Moisture  (perennial  or  annual) 

Type  3. --Those  used  daily  that  are  fuel  model  specific: 
--Fine  Fuel  Moisture 
--Ignition  Component 
--Spread  Component 
--Energy  Release  Component 
--Burning  Index 


1  These  are  used  (1)  to  estimate  the  current  10-h  TL  FM  when  fuel  moisture 
sticks  are  not  used  and  (2)  for  predicting  the  10-h  TL  FM. 


OBTAINING  A  SET  OF  NOMOGRAMS  FOR 

FIELD  USE 


The  nomograms  in  this  manual  are  for  instructional  purposes  only.   You  must  order 
a  working  set  for  the  fuel  model (s)  you  intend  to  use. 

Order  one  set  of  type  1  and  type  2  nomograms  for  each  station,  and  one  set  of 
type  3  nomograms  for  each  fuel  model  to  be  used.   For  example,  assume  you  are  ordering 
nomograms  for  use  at  two  fire  weather  stations:  Lone  Pine  and  Rocky  Knob.   Fuel  models 
L,  H,  and  C  are  used  at  Lone  Pine;  while  Rocky  Knob  uses  fuel  models  L  and  R.   Order 
two  sets  of  type  1  and  type  2  nomograms,  two  sets  of  type  3  nomograms  for  model  L,  and 
one  set  each  of  type  3  nomograms  for  models  H,  C,  and  R.   Once  again,  types  1  and  2 
nomograms  are  needed  for  all  fuel  models,  while  type  3  nomograms  apply  only  to  specific  I 
fuel  models.  To  obtain  the  nomogram  sets,   use  the  order  form  on  'page  51,   which  oan  be 
completed  and  pasted  on  a  post  card.      Fuel  models  are  described  in  the  general  treatment 
of  the  1978  NFDRS  (Deeming  and  others  1977). 

After  you  receive  your  nomograms,  eliminate  any  type  1  or  type  2  nomograms  not  re- 
quired for  the  fuel  model (s)  you  intend  to  use.   Not  all  calculations  are  needed  because 
not  all  fuel  classes  are  found  in  every  fuel  model.   Refer  to  table  1  to  determine  which, 
if  any,  of  the  nomograms  can  be  discarded. 

Those  nomograms  designated  by  an  X  in  the  column  headed  by  the  fuel  model  desig- 
nator can  be  discarded.   For  example,  the  100-h  TL  FM  and  the  woody  fuel  moisture  nomo- 
grams can  be  discarded  when  using  fuel  model  A.   (Fuel  model  A  has  no  100-h  TL  or  live 
woody  fuels.)   Fuel  models  E,  F,  G,   H,  P,  Q,  R,  S,  and  U  are  not  shown  in  table  1  be- 
cause they  require  all  the  type  1  and  type  2  nomograms.   Once  you  have  collected  the 
nomograms  needed  for  your  fuel  model (s),  place  them  in  plastic  document  protectors  in 
a  looseleaf  binder. 


Table  1 .--Nomoaram  discards 


Nomograms 


Fuel  model 


A  :  B  :  C  :  D  :  F  :  I  :  J 


100-h  TL  fuel  moisture       XXX  X 

Woody  fuel  moisture         X  X    X   X   X 

Herb,  fuel  moisture  X  X    X    X   X 


USING  THE  NOMOGRAMS 


Nomograms  are  a  graphic  method  for  solving  the  mathematical  equations  that  are  the 
basis  of  the  NFDRS.   There  are  three  different  forms  of  nomograms,  depending  on  the 
number  of  variables  or  factors  needed  to  solve  a  particular  equation: 

1-part  nomograms. -Solve   equations  with  two  input  variables, 
such  as  A  +  B  =  C  where  A  and  B  are  known  (inputs)  and  C  is  the 
desired  answer. 

2-part  nomograms. -Solve   equations  with  three  input  variables, 
such  asAxBfC=D  where  A,  B,  and  C  are  the  inputs  and  D  is 
the  desired  answer. 

3-  and  4-part  nomograms. -Solve   equations  with  four  or  five 
input  variables,  such  asA+B+C+D+E=F.   These  are 
combinations  of  1-  and  2-part  nomograms.  An  intermediate 
result  from  one  nomogram  is  carried  forward  and  used  in  a 
second  nomogram. 

For  example,  a  2-part  and  a  1-part  nomogram  may  be  combined  to  produce  a  3-part 
nomogram.  The  first  two  steps  may  solve  an  equation  of  the  form  A  +  B  +  C  =  X,  where 
A,  B,  and  C  are  inputs  and  X  is  an  intermediate  value.   This  intermediate  value  is 
carried  forward  to  a  second  nomogram  to  solve  an  equation  of  the  type  X  +  D  =  E,  where 
X  and  D  are  the  known  values  and  E  is  the  final  answer. 

The  nomograms  will  be  introduced  by  reviewing  procedures  for  reading  each  form 
of  nomogram. 

The  1-part  nomogram  (fig.  1)  consists  of  the  x-axis,  the  y-axis,  and  one  or 
several  curves  or  straight  lines. 

To  use  the  nomogram: 

1.  Locate  the  value  of  the  first  variable,  A,  on  the  x-axis. 

2.  Draw  an  imaginary  line  vertically  to  point  B  on  the  curve  corresponding  to 
the  value  of  the  second  variable. 

3.  Extend  a  line  horizontally  to  the  left  from  B  to  C  on  the  y-axis. 

4.  The  desired  answer  is  found  at  C. 


Figure   l.—1-part 

nomogram. 


Y-AXIS 


SET  OF  CURVES 


X-AXIS 


SECOND  SET 
OF  CURVES 


Y-AXIS 


FIRST  SET 
OF  CURVES 


X-AXIS 


Figure  2. — 2-part  nomogram. 


The  2-part  nomogram  (fig.  2)  consists  of  the  y-axis,  the  x-axis  (extends  left 
and   right  of  its  intersection  with  y-axis),  and  two  families  of  curves  or  straight  lines. 

To  use  the  nomogram: 

1.  Locate  the  value  of  the  first  variable,  A,  on  the  x-axis. 

2.  Draw  an  imaginary  vertical  line  to  point  B  on  the  curve  corresponding  to  the 
value  of  the  second  variable. 

3.  Extend  a  line  horizontally  to  the  left  from  B  to  point  C  on  the  curve  that 
represents  the  value  of  the  third  variable. 

4.  Extend  a  line  vertically  down  from  C  to  D,  on  the  x-axis. 

5.  The  desired  answer  is  found  at  point  D. 

When  constructing  the  nomograms,  a  standard  procedure  was  set  that  would  always 
result  in  reading  an  answer  from  either  the  y-axis  or  the  left  side  of  the  x-axis.   How- 
ever, some  computations  require  more  than  two  steps.   In  such  cases,  an  intermediate 
value  must  be  brought  forward  for  entry  into  a  second  nomogram. 

The  general  form  of  the  3-part  nomogram  is  shown  in  figure  3. 

Steps  1  and  2  are  carried  out  exactly  as  described  for  the  2-part  nomogram,  and 
step  3  is  carried  out  exactly  as  described  for  the  1-part  nomogram.   But  X,  the  value 
from  step  2,  must  be  brought  forward  for  step  3  in  the  1-part  nomogram. 

The  3-part  nomogram  does  not  always  look  exactly  as  shown.   In  some  cases,  the 
1-part  nomogram  is  first  and  the  2-part  nomogram  second. 

In  the  construction  of  multiple-part  nomograms,  the  intermediate  value  X  can  be 
entered  on  the  x-axis  or  elsewhere  in  the  body  of  the  nomogram.   In  the  sample  3-part 
nomogram,  the  intermediate  value  could  have  been  entered  at  B,  C,  or  D.   You  need  only 
be  aware  that  the  intermediate  value  will  not  always  be  entered  on  the  x-axis. 

The  sample  4-part  nomogram  (fig.  4)  illustrates  how  this  can  be  done.  The  4-part 
nomogram  is  solved  as  though  you  were  doing  two  2-part  nomograms  in  sequence.   For 
illustrative  purposes,  the  intermediate  value  (X)  is  one  of  the  curves  on  the  right 
side  of  the  second  nomogram.   These  procedures  are  extended  to  solve  5  or  more  part 
nomograms . 

In  the  illustrations  presented  so  far,  the  values  of  the  variables  have  always  been 
located  exactly  on  a  curve  or  line.   When  real  data  are  used,  they  will  seldom  fall 
exactly  on  one  of  the  curves  of  the  nomogram.   In  such  a  situation,  interpolation  must 
be  used.   Example: 

Given:  1-h  TL  FM  =  7  percent 

Dry  bulb  temperature  =  80°  F  (27°  C) 
Spread  component  =  4 

In  this  sample  ignition  component  nomogram  (fig.  5),  start  with  the  1-h  TL  FM  at 
7  percent;  go  up  to  the  point  halfway  between  the  70°  and  90°  F  temperature  curves. 
Next,  go  left  to  a  point  one-third  of  the  way  between  the  3  and  6  spread  component 
curves.   The  ignition  component  is  read  directly  below  this  point  on  the  x-axis--20. 


SECOND  SET 
OF  CURVES 


FIRST  SET 
OF  CURVES 


THIRD  SET 
OF  CURVES 


Figure  3. — 3-part  nomogram. 


SECOND  SET 
OF  CURVES 


FOURTH  SET 
OF  CURVES 


Figure  4. — 4-part  nomogram. 
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10 


SPECIAL  INSTRUCTIONS 


The  following  special  instructions  and  rules  are  keyed  to  specific  computation 
steps  (nomograms).   The  steps  correspond  to  the  sequence  followed  in  calculating  the 
fire-danger  ratings.   The  column  numbers  on  the  nomograms  refer  to  the  recording- 
computation  form  (10-Day  Fire  Danger  and  Fire  Weather  Record) . 

100-h  TL  Fuel  Moisture    (Column  36) 

--If  yesterday's  100-h  TL  FM  exceeds  44  percent,  use  44  percent. 

--Record  to  the  nearest  whole  percent. 
Today's  l3000-h  Boundary  Value   (Column  37) 

--Record  to  the  nearest  whole  percent. 

--Average  every  seventh  day  and  enter  in  column  38. 
Change  in   ls000-h  TL  Fuel  Moisture   (Column  39) 

--Use  this  nomogram  every  seventh  day. 

--Be  careful  to  note  whether  the  change  in  the  1,000-h  TL  FM  is  (+)  or  (-)  and 
record  with  the  proper  sign  to  the  nearest  whole  percent. 

--Add  this  value  to  the  1,000-h  TL  FM  at  the  beginning  of  the  7-day  period  to 
obtain  the  current  1,000-h  TL  FM  and  record  the  answer  in  column  40. 

Live  Fuel  Model  Nomograms 

Three  nomograms  are  available  to  calculate  the  moisture  contents  of  the  three 
classes  of  live  fuels:  PERENNIAL  HERBS  AND  FORBS,  ANNUAL  HERBS  AND  FORBS,  and  WOODY 
SHRUBS.   General  instructions  follow.   Differences  are  addressed  in  the  instructions 
for  specific  nomograms. 

General  Instructions 

A.  Use  either  the  nomogram  for  the  annual  herbs  and  forbs,  or  the  nomogram  for 
the  perennial  herbs  and  forbs.   You  cannot   use  a  combination  of  the  two. 

B.  The  1,000-h  TL  FM  is  used  to  calculate  the  woody  fuel  moisture,  but  the 
moisture  content  of  herbaceous  fuels  depends  on  the  X1000  moisture  value. 

C.  The  X1000  moisture  value  is  set  equal  to  the  1,000-h  TL  FM  at  greenup  in  the 
spring,  or  at  midseason  flush,  as  sometimes  occurs  in  the  desert  areas. 
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D.  Greenup  is  specified  by  the  user.  Two  criteria  should  be  adhered  to:  (1)  Wait 
until  the  greening  process  is  well  established;  and  (2)  declare  greenup  at  the 
beginning  of  a  7-day  cycle  used  to  calculate  the  1,000-h  TL  FM. 

E.  The  live  herbaceous  fuel  moistures  are  calculated  from  greenup  until  curing 
is  complete  either  because  the  moisture  content  of  the  herbaceous  fuels  de- 
creases to  30  percent  or  a  freeze  causes  curing.   From  that  time  until  the 
next  greenup,  that  moisture  content  equals  the  1-h  TL  FM. 

F.  The  woody  fuel  moisture  nomogram  is  used  from  greenup  until  the  plants  become 
dormant,  usually  the  result  of  cold  weather.   After  a  freeze,  the  woody  fuel 
moisture  is  set  to  the  lesser  of  (1)  the  last  value  computed,  or  (2)  the 
pregreen  woody  fuel  moisture.   Select  the  appropriate  pregreen  woody  moisture 
for  your  climate  class  from  the  following: 

Climate  Pregreen  woody 

class  fuel  moisture 

(Percent) 

1  50 

2  60 

3  70 

4  80 

This  value  is  to  be  used  until  the  next  greenup.   For  example,  you  are  using  climate 
class  3  and  a  hard  freeze  occurs  on  October  10.   If  the  woody  fuel  moisture  was  computed 
as  90  percent  on  October  9,  decrease  it  to  70  percent  on  October  10.   Use  70  percent  for 
the  remainder  of  the  fire  season.   But  if  the  computed  woody  fuel  moisture  was  60  percent 
on  October  9,  use  60  percent  for  the  remainder  of  the  fire  season. 

Woody  Fuel  Moisture   (Column  41) 

A.  Prior  to  spring  greenup . --Between  the  time  fire  weather  observations  are  started 
in  the  spring  and  greenup,  use  the  pregreen  woody  fuel  moisture  corresponding 

to  your  climate  class. 

B.  Computing  woody  fuel  moistures . --Begin  computing  woody  fuel  moistures  the  day 
you  specify  greenup.   Use  the  current  1,000-h  TL  FM.   Every  seventh  day  there- 
after, compute  and  record  the  woody  fuel  moisture  to  the  nearest  10  percent. 
Note  that  the  maximum  fuel  moisture  is  200  percent;  the  minimum,  50  percent. 

Herb.   Fuel  Moisture    (Column  43) 

A.  Prior  to  spring  greenup .  - -Make  the  following  entries  in  the  10-Day  Fire  Danger 
and  Fire  Weather  Record: 

1.  Record  "C"  (cured)  for  Herb.  Veg.  Condition  (column  9). 

2.  Use  the  1-h  TL  FM  (column  8)  for  Herb.  Fuel  Moisture.   Skip  to  the  10-h 

TL  FM  calculation. 

B.  At  greenup   (spring  or  midseason  flush) . --On  the  day  you  specify  greenup  (it 
should  be  at  the  beginning  of  a  7-day  cycle  for  the  1,000-h  TL  FM  calculation), 
make  the  following  entries  on  the  10-Day  Fire  Danger  and  Fire  Weather  Record: 

1.   Enter  "G"  (green)  for  Herb.  Veg.  Condition  (column  9)  on  that  dateline 
and  that  dateline  only. 
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2.   Set  the  value  of  X1000  (column  42)  equal  to  the  1,000-h  TL  FM  value  on 
that  dateline  (Column  40). 

Make  the  initial  Herb.  Fuel  Moisture  calculation  using  the  appropriate  nomogram. 

C.  After  greenup. --Column  9  (Herb.  Veg.  Condition)  should  be  left  blank  until  a 
second  or  third  flush  of  new  growth  is  observed  or  until  these  plants  cure. 
Curing  can  occur  through  natural  drying  or  because  of  a  freeze.   If  curing 
occurs  because  of  a  freeze,  enter  an  "F"  in  column  9;  if  it  occurs  through 
drying,  enter  a  "C."   If  a  "C"  or  an  "F"  has  been  recorded  or  the  Herb.  Fuel 
Moisture  is  less  than  30  percent,  use  the  1-h  TL  FM  for  the  Herb.  Fuel 
Moisture  and  the  Fine  Fuel  Moisture  for  the  remainder  of  the  season  or  until 
the  next  greenup. 

10-h  TL  Fuel  Moisture    (Column  7) 

--If  snow  or  ice  covers  the  1/2-inch  fuel  moisture  sticks,  remove  it.   If  it  is 
raining  at  basic  observation  time,  shake  the  excess  water  from  the  sticks. 
Weigh  the  sticks  to  the  nearest  gram  and  record  this  value  in  column  6.   Use 
the  nomogram  to  correct  the  reading  for  stick  age.   Record  this  10-h  TL  FM 
value  to  the  nearest  percent. 

--If  the  1/2-inch  fuel  moisture  sticks  are  not  used,  compute  using  the  procedure 
in  appendix  B. 

When  It  Is  Raining  At  Basic  Observation  Time 

--If  it  is  raining  (state  of  weather  codes  5,  6,  or  7),  or  if  there  is  snow  or  ice 
on  the  ground,  make  the  following  entries  on  the  10-Day  Fire  Danger  and  Fire 
Weather  Record: 


Item 


Entry 


Column 


1-h  TL  Fuel  Moisture 
Herb.  Veg.  Condition 
Fine  Fuel  Moisture 
Spread  Component 
Energy  Release  Component 
Burning  Index 
Ignition  Component 
Lightning  Ogcui'vch&c  Index 
Man-Caused  Occurrence  Index 
Fire  Load  Index 


30+ 

8 

98 

9 

30+ 

10 

0 

13 

0 

14 

0 

15 

0 

16 

^ 

>s* 

0 

20 

0 

21 

1-h  TL  Fuel  Moisture   (Column  8) 

--If  the  10-h  TL  FM  has  not  been  obtained  by  weighing  fuel  sticks,  compute  it  by 
the  optional  method  in  appendix  B. 

--Record  the  1-h  TL  FM  to  the  nearest  whole  percent. 

Fine  Fuel  Moisture   (Column  10) 


-If  the  Herb.  Veg.  Condition  (column  9)  is  cured  (C)  or  cured  by  freezing  (F) , 
use  the  value  from  column  8  (1-h  TL  FM)  for  the  Fine  Fuel  Moisture. 

-If  the  1-h  TL  FM  is  high  enough  that  it  is  impossible  to  intersect  the  appro- 
priate Herb.  Fuel  Moisture  curve  in  step  1  (the  correct  value  lies  too  far  to 
the  right  on  the  x-axis) ,  use  the  highest  possible  value  for  the  Fine  Fuel 
Moisture,  as  indicated  on  the  left  half  of  the  x-axis. 
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Example:  When  using  the  G  fuel  model,  if  the  1-h  TL  FM  is 

22  percent  and  the  Herb.  Fuel  Moisture  is  higher  than 
about  140  percent,  no  intersection  exists.   In  such 
cases,  the  Fine  Fuel  Moisture  should  be  recorded  as 
25  percent. 

--At  no  time  should  the  Fine  Fuel  Moisture  be  less  than  the  1-h  TL  Fuel  Moisture 
(column  8) . 

--Record  Fine  Fuel  Moisture  to  the  nearest  whole  percent. 

Spread  Component   (Column  13) 

--The  Wind  Slope  Factor  is  not  recorded  on  the  computation  form,  but  it  is  carried 
forward  to  step  3  (second  Spread  Component  nomogram) . 

--Note  that  the  windspeed  can  be  entered  in  miles  per  hour  using  the  upper  scale 
on  the  x-axis  or  in  kilometers  per  hour  using  the  lower  scale. 

Energy  Release  Component   (Column  14) 

--The  value  called  "B"  from  step  2  is  carried  forward  to  step  3  (second  Energy 
Release  Component  nomogram) . 

Burning  Index   (Column  15) 

--None. 
Ignition  Component   (Column  16) 

--The  IC  equals  zero  when  the  SC  is  zero. 

--In  step  1  the  dry-bulb  temperature  can  be  entered  in  degrees  Fahrenheit  or  in 
degrees  Centigrade. 

Lightning  Risk   (Column  17) 

--If  the  Lightning  Activity  Level  (column  35)  is  1,  record  the  LR  and  the  LOI 
(column  18)  as  zero.   Skip  to  the  calculation  of  MCR. 

--If  the  LAL  is  6,  record  100  for  the  LR  and  LOI  and  skip  to  the  MCR  calculation. 

Lightning -Caused  Fire  Occurrence  Index   (Column  18) 

--If  the  LAL  is  1,  the  LOI  is  zero;  if  the  LAL  is  6,  the  LOI  is  100 
(Deeming  and  others  1977) . 

Man-Caused  Risk   (Column  19) 

--None  (Deeming  and  others  1977). 

Man-Caused  Fire  Occurrence  Index   (Column  20) 

--Two  nomograms  are  provided;  one  for  use  when  the  IC  is  less  than  or  equal  to 
30,  the  other  when  the  IC  is  greater  than  30  percent. 

Fire  Load  Index   (Column  21) 

--If  the  BI  is  greater  than  140,  use  140;  if  the  sum  of  the  LOI  and  MCOI  is 
greater  than  100,  use  100. 
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COMPUTATIONAL  PROCEDURES:  A  WORKED 
EXAMPLE  AND  EXERCISE 


A  complete  set  of  nomograms  for  fuel  model  G  and  two  sample  10-Day  Fire  Danger  and 
Fire  Weather  Record  forms  are  provided  (pages  16-41).   The  solutions  of  the  fuel  mois- 
tures, components,  and  indexes  for  the  first  day  are  shown  with  dashed  lines  on  the 
nomograms.   Work  through  the  example  for  the  first  day  to  familiarize  yourself  with  the 
procedures.   Use  the  remaining  9  days  of  weather  data  for  practice,  recording  your  an- 
swers on  the  first  form.   Check  your  results  against  the  entries  on  the  second  form. 
Because  of  rounding  differences,  you  are  correct  if  your  answers  are  within  ±1  point  of 
those  on  the  answer  sheet. 

You  need  only  compute  the  man-caused  risk  for  July  3  and  4.   The  completed  MCR  work- 
sheets for  July  1  and  2  and  the  partially  completed  MCR  worksheets  for  July  3  and  4  are 
provided. 

To  get  started,  assume  the  following  conditions  for  June  30,  1975: 

--Fuel  model  =  G 

--Slope  class  =  3 

--Lightning  risk  scaling  factor  (LRSF)  =  0.85 

--Man-caused  risk  scaling  factor  (MRSF)  =  0.18 

--100-h  TL  FM  =  17  percent 

--1,000-h  TL  FM  =  14  percent 

--X1000  =  14  percent 

--Herbaceous  vegetation  condition  (column  9) .   No  midseason  flush  of  growth  occurs 

during  this  sample  exercise.   Leave  blank. 
--Age  of  fuel  moisture  sticks  =  3  months 
--Yesterday's  lightning  fire  occurrence  index  =  50 

Assume  the  previous  7-day  period  for  calculating  the  1,000  h  TL  FM  ended  on  July  1. 
The  next  7-day  period  starts  July  2  and  ends  July  8.   After  completing  this  exercise,  use 
the  form  in  the  back  of  this  manual  to  order  a  working  set  of  nomograms  for  each  fuel 
model  you  will  use. 
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MAN-CAUSED  RISK  COMPUTATION  FORM 


Unit 


L1&6Y  District 


MCR  scaling  factor 
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Date       7/1/7S- 


Day  of  week    FniP^Y 
Partial 


Ri 
Risk  source 

sk  source 
ratio 

Daily  activity 
level 

risk 
(E-l) 
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z. 
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ir 
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14 

4. 
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tfoftMAL 
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5. 

Total  -  Unnormalized  MC  RISK 
MCR  (E-2)     
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MCR  scaling  factor. 
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ratio 

Daily  activity 
level 

risk 
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Unit 


MAN-CAUSED  RISK  COMPUTATION  FORM 
L/38Y    £>t strict 


Date 


7/j/7^~ 


MCR  scaling  factor 
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Risk  source 


Risk  source 
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Daily  activity 
level 


Day  of  week  S~tJNJ)A  Y 

Partial 
risk 
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MAN-CAUSED  RISK  COMPUTATION  FORM 
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MCR  scaling  factor   •  1  B 
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ratio 

Daily  activity 
level 

risk 
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APPENDIX  A 


ESTIMATING  THE  MAXIMUM  AND  MINIMUM  RELATIVE  HUMIDITIES 

If  your  station  is  equipped  with  a  properly  adjusted  and  maintained  hygrothermo- 
graph,  the  maximum  and  minimum  RH  for  the  24-hour  period  ending  at  your  basic  observa- 
tion time  is  already  available.   However,  if  only  wet -dry  bulb  and  maximum-miniumum 
temperatures  are  available,  the  following  procedure  must  be  used  to  estimate  the  24-hour 
maximum  and  minimum  relative  humidities: 

1.  24-Hour  Maximum  Relative  Humidity 

a.  If  frost  or  dew  was  observed  on  vegetation  (not  on  glass  or  metal)  or 
if  precipitation  or  fog  was  observed  during  the  preceding  24  hours, 
assume  the  maximum  RH  to  be  100  percent. 

b.  If  no  frost,  dew,  precipitation,  or  fog  was  observed,  the  maximum  RH  must 
be  estimated.   First,  compute  the  dew  point  at  today's  basic  observation 
time  (record  in  column  A).   Read  the  estimated  24-hour  maximum  RH  from 
the  accompanying  table  (page  44)  at  the  intersection  of  the  row  indexed 
by  the  24 -hour  minimum  temperature  and  the  column  indexed  by  the  dew 
point.  The  value  recorded  should  not  be  less  than  either  yesterday's  or 
today's  basic  observation  time  relative  humidities. 

2.  24-Hour  Minimum  Relative  Humidity 

From  the  accompanying  table  (page  44),  read  the  24-hour  minimum  RH  at  the 
intersection  of  the  row  indexed  by  the  24 -hour  maximum  temperature  and  the 
column  indexed  by  today's  dew  point.  The  computed  minimum  RH  should  not  be 
greater  than  either  yesterday's  or  today's  basic  observation  time  relative 
humidity. 
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24-HOUR  MAXIMUM  (MINIMUM)  RELATIVE  HUMIDITY  (PERCENT) 
Col.  25  (Col.  261 


Example 


24-HOUR 

MINIMUM 

|MAXIMUM| 

TEMPERATURE 

F 

COL   24 

(COL.  23) 


1  —  4 
5  —  8 
9-12 
13-16 
17-20 


21-24 

25—28 
29—32 
33—36 
37—40 


41—44 
45—48 
49—52 
53—56 
57-60 


61—64 
65-68 
69—72 
73—76 
77-80 


81-84 
85—88 
89-92 
93—96 
97—100 


101—104 
105—108 
109—112 
113—116 
117-120 


15-11  -7  -3 

I  J   1   I 
12  -8  -4   0 


46  56  68  83  100? 

38  47  57  69  83 

32  39  48  58  69 

27  33  40  48  56 

23  28  33  41  49 


19  23  28  34  41 

16  20  24  29  35 

14  17  20  25  30 

12  14  17  21  25 

10  12  15  18  22 


9  10  13  15  18 

7  9  11  13  16 

6  8  9  11  14 

5  6  8  10  12 

5  6  7  8  10 


2  2  2 

1  2  2 

1  2  2 

1  1  2 

1  1  2 


eratures, 
peratures 
F.  Using 
dewpoint 
nd  57°  F. 
maximum 
RH    is  39 


5  6 
4  5 
4   5 


7  8 
6  7 
6   7 


5  6 

4  5 

4  5 

3  4 

3  4 


10  12  14  16  19 1 22  26  30  34  39 1 45  52  60  68  78  88 

I 
9  10  12  14  17119  23  26  30  35  40  46  53  60  68  78 

I 

8   9  11  13  15117  20  23  27  3l|  35  41  47  53  61  69 
I 


'I 


7  8  10  11  13115  18  21  24  27  J  31  36  41  47  54  61 

6  7  9  10  12 1 14  16  18  21  24 1  28  32  37  42  48  54 

5  6  8  9  10 1 12  14  16  19  22  ■  25  29  33  37  43  48 

5  6  7  8  9  { 11  13  14  17  19 1  22  25  29  33  38  43 

4  5  6  7  8  J  10  11  13  15  17 1  20  23  26  30  34  39 
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APPENDIX  B 


ESTIMATING  THE  10-HOUR  TIMELAG  FUEL  MOISTURE 

These  nomograms  (pages  46,  47)  can  be  used  (1)  for  predicting  the  next  day's  10-h 
TL  FM,  and  (2)  for  estimating  the  current  day's  10-h  TL  FM  if  fuel  moisture  sticks  are 
not  used. 

A  specific  example  will  illustrate  the  procedure: 

EXAMPLE: 

What  is  the  predicted  10-h  TL  FM  at  basic  observation  time  tomorrow? 

85  percent  --  24-hour  maximum  relative  humidity. 
8  percent  --  10-h  TL  FM  at  basic  observation  time  today. 

2  hours   --  Forecasted  precipitation  duration  for  the  16-hour  period  starting  at 
basic  observation  time  today. 
15  percent  --  Forecasted  relative  humidity  at  basic  observation  time  tomorrow. 
0  hours   --  Forecasted  precipitation  duration  for  the  8  hours  preceding 
tomorrow's  basic  observation  time. 

The  arrows  trace  the  procedure  through  nomogram.  Notice  that  "A,"  the  result  from 
step  2,  is  used  to  select  from  the  family  of  curves  in  step  3;  it  is  not  entered  on  the 
x-axis. 

If  a  satisfactory  procedure  for  predicting  the  10-h  TL  FM  is  currently  available  in 
your  area  or  region,  it  is  not  necessary  to  use  the  procedure  presented  here.   Simpler, 
empirical  techniques,  such  as  the  one  developed  by  Cramer  (1961),  may  prove  more  ac- 
curate for  local  use.   The  NFDRS  method  is  meant  for  general  application;  hence  its 
complexity. 
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APPENDIX  C 


PUNCHCARD  FORMAT  FOR  USE  WITH  THE 
10-DAY  FIRE  DANGER  AND  FIRE  WEATHER  RECORD 


This  card  format  was  designed  for  use  with,  the  revised  10-Day  Fire  Danger  and  Fire 
Weather  Record  proposed  for  use  with  the  1978  NFDRS.   It  was  assumed  that  the  10-day 
record  will  be  used  as  the  source  document. 

The  format  published  in  RM-84  (Deeming  and  others  1972)  should  continue  to  be  used 
with  the  WS  Form  D-9A.   For  identification  purposes,  the  RM-84  format  should  be  refer- 
enced as  the  "1972  format,"  and  the  following  as  the  "1978  format." 

For  punched  data  to  be  included  in  the  National  Fire  Weather  Library  (Furman  and 
Brink  1975),  send  cards  to: 

NFDR  Liaison 

Boise  Interagency  Fire  Center 

3905  Vista  Avenue 

Boise,  Idaho  83705 

Notice  that  only  observed  data  are  punched.   The  computer  will  recalculate  fuel 
moistures,  components,  and  indexes  when  needed. 

If,  and  ONLY  if,  the  woody  fuel  moisture  or  the  dead  fuel  moisture  contents  (1-, 
10-,  and  100-h  TL)  are  observed  are  these  values  to  be  punched.   For  instance,  if  the 
10-h  TL  FM  is  determined  from  the  fuel  sticks,  it  should  be  punched;  if  it  is  estimated, 
leave  card  columns  20,  21,  and  22  blank. 
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PUNCHCARD  FORMAT  10-DAY  FIRE  DANGER  AND  FIRE  WEATHER  RECORD 


Field 
No.1 


Columns 


Heading 


From  :  To  :  No.  of 


Remarks  2 


Station  number 

1 

2 
3 
4 

Year 

Month 

Day 

State  of  weather 

Dry  bulb  temperature 

Humidity  variable3 

7 

10-h  TL  mk 

8  1-h  TL  FM4 

9  Herb.  Veg.  Condition 

11  Wind  direction 

12  Windspeed 

19  Man-caused  risk 

23  24-hour  maximum  temperature 

24  24-hour  minimum  temperature 

25  24 -hour  maximum  RH 

26  24-hour  minimum  RH 
28  Precipitation  kind 

31  Precipitation  duration 

32  Precipitation  amount 

35  Lightning  activity  level 

36  100-h  TL  FM1* 

41  Woody  fuel  moisture  "* 

Humidity  variable  identifier 

Format  identifier 


1 

7 

9 

11 

14 
17 

20 
23 
26 


29 
32 
35 
38 
41 
44 

48 
50 
54 
57 
60 


79 


10 
12 
13 
16 
19 

22 
25 

27 

28 
31 
34 
37 
40 
43 
46 
47 
49 
53 
56 
59 
62 
63 

80 


Heading 
Heading 
Heading 


If  negative,  put  --  in  column  14. 

If  negative,  put  --  in  column  17  (see  Humidity 

Variable  Identifier.) 

Analog  values  only. 

Analog  or  stick  values  only. 

Enter  G,  C,  or  F  for  greenup,  curing,  or  freezing, 

respectively.   Enter  on  the  day  of  occurrence  only. 

8  pt .  compass. 


If  negative,  put  --  in  column  35. 
If  negative,  put  --  in  column  38. 


During  previous  24  hours;  nearest  whole  hour. 
Two  decimal  places;  for  trace,  enter  T. 

Analog  values  only. 

Enter  a  1  for  wet  bulb;  2  for  relative  humidity; 
or  a  3  for  dew  point. 
Enter  78. 


1  From  the  10-Day  Fire  and  Weather  Record. 

z  If  no  data,  leave  field  blank. 

3  Wet  bulb,  relative  humidity,  or  dew  point. 

Entered  only  when  data  from  fuel  moisture  sticks  or  other  kinds  of  analogs  are  available;  otherwise  leave  blank. 
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NFDR  LIAISON 

Boise  Interagency  Fire  Center 

3905  Vista  Avenue 

Boise,  Idaho  83705 


Please  send  the  following  NFDRS  nomograms  to: 


Type  1  and  2  nomograms 


Sets 


A 

F 

K 

Q 

B 

G 

L 

R 

C 

H 

N 

S 

D 

I 

0 

T 

E 

J 

P 

_  U 

Nomogram  Order  Blank 

Order  one  set  of  type  1  and  2  nomograms  for  each  fire  weather 
station  and  one  set  of  type  3  nomograms  for  each  fuel  model  to 
be  used  at  each  fire  weather  station.   Enter  number  desired  in 
the  appropriate  blanks. 
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ABSTRACT 


This  report  summarizes  the  development,  history,  and  operational 
use  of  liquid  ammonium  phosphate  and  polyphosphate  fire  retardants 
since  their  first  use  in  the  early  1960's.  Several  liquid  ammonium 
polyphosphates  were  evaluated  as  long-term  forest  fire  retardants  in 
accordance  with  Forest  Service  specifications  and  test  procedures. 
Retardants  were  laboratory  tested  to  quantify  various  physical  proper- 
ties, corrosion  potential,  and  combustion  retarding  ability,  and  were 
drop-tested  from  aircraft.  Performance  of  products  is  discussed  and 
recommendations  are  made  relative  to  meeting  current  Forest  Service 
specifications  and  satisfying  current  and  future  operational  needs. 


INTRODUCTION 


Since  chemicals  were  first  used  to  combat  wildfires  many  different  formulations 
have  been  tried.  Thickeners  were  one  of  the  first  important  additives  combined  with 
water  to  increase  its  effectiveness.  The  thickened  water  adhered  to  fuels  in  heavier 
layers  to  dissipate  more  heat  than  unthickened  water.   Eventually,  chemicals  were  in- 
cluded in  the  thickened  water  to  alter  the  combustion  process  of  the  fuel  by  causing 
lower  production  of  flammable  pyrolysis  products.  When  spoilage  and  corrosion  of  some 
formulations  occurred,  chemical  inhibitors  were  added.   The  most  effective  fire  retard- 
ant  chemical  additives  were  ammonium  phosphate  (DAP) ,  polyphosphate  (APP) ,  pyrophosphate 
(Pyro) ,  and  sulfates  (AS) .   DAP  and  AS  are  mixed  with  water  as  dry  powder-type  retard- 
ants  and  APP  and  Pyro  as  liquid-type  retardants. 

As  numerous  products  containing  several  different  chemicals  were  made  available, 
it  became  necessary  to  screen  and  test  formulations  before  they  were  accepted  by  the 
Federal  Government  and  put  on  the  market  for  general  use.   Procedures  were  written  and 
incorporated  into  Forest  Service  specifications  to  provide  a  basis  for  testing, 
qualifying,  GSA  purchasing,  and  retesting  products  as  necessary.   All  new  retardant 
formulations  submitted  for  USDA  Forest  Service  use  now  must  be  tested  against  require- 
ments in  current  specifications  for  dry  retardants  or  for  liquid  retardants.   Final 
performance  evaluation  and  approval  for  the  Forest  Service  are  given  by  the  Washington 
Office  Division  of  Fire  Management.  Many  States  and  other  Federal  agencies  often 
comply  with  the  evaluations  and  approval  decisions  that  are  based  on  the  Forest  Service 
Specifications . 

This  report  discusses  the  development  history,  operational  use,  and  related  per- 
formance requirements  of  APP-based  forest  fire  retardants  and  details  their  performance 
when  tested  and  evaluated  according  to  USDA  Forest  Service  Specification  5100-00302a  for 
liquid  fire  retardants.   Most  of  the  formulations  discussed  contain  10-34-0  ammonium 
polyphosphate  and  are  referred  to  as  APP  solutions.   In  everyday  language,  several  of 
these  are  referred  to  as  liquid  concentrates  or  LC. 

Ammonium  polyphosphates  differ  considerably  in  their  composition,  but  usually 
contain  20-30  percent  polyphosphate  (P308  or  greater),  30-50  percent  pyrophosphate 
(P2^7)>  ar)d  20-50  percent  orthophosphate  (PO^).   Numerous  laboratory  tests  have  shown 
that  the  effectiveness  of  ammonium  phosphate  solutions  is  related  to  the  amount  of 
active  phosphate  that  is  available  to  alter  pyrolysis  and  combustion  reactions.   Im- 
purities such  as  calcium,  magnesium,  and  iron  in  these  solutions  can  chemically  tie  up 
available  phosphate  and  reduce  the  effectiveness.  Most  dry  ammonium  phosphate  salts 
(DAP)  and  "white  acid"-  or  electric  furnace-produced  liquid  phosphates  (APP  or  Pyro) 
usually  contain  few  impurities  and  thus  do  not  significantly  reduce  the  solution  effec- 
tiveness.  "Green  acid"-produced  dry  salts  or  liquids  (currently  used  APP  or  LC)  however, 
can  contain  many  impurities  and  reduce  the  effectiveness  of  the  solutions  by  10  percent 
or  more  (on  a  P205  equivalence  basis).  Thus,  total  phosphate  concentration  does  not 
necessarily  quantitatively  relate  to  "retardant  effectiveness."  This  is  shown  by  data 
included  in  this  report  as  well  as  that  on  file  at  the  Northern  Forest  Fire  Laboratory, 
Missoula,  Montana. 


DEVELOPMENT  HISTORY 


Several  different  dry-type  ammonium  phosphates  were  evaluated  as  forest  fire  retard]; 
ants  both  individually  and  in  complex  formulations  during  the  late  1960's.   Included 
were  several  ammonium  polyphosphates  such  as  MAPP  (monoammonium  polyphosphate),  15-60-0,1 
and  several  long-chain,  water-insoluble  ammonium  polyphosphates  that  are  often  used  in 
fire  retardant  paints.   Liquid-type  ammonium  pyrophosphate  (Pyro  or  11-37-0)  was  eval- 
uated and  used  operationally  in  the  Southeast  (Johansen  and  Crow  1965) ,  but  the  liquids  I 
were  not  formulated  with  coloring,  corrosion  inhibitors,  thickening  agents,  or  other 
additives.   This  liquid  product  was  not  used  in  the  Western  States  until  1970,  apparently; 
because  of  undesirable  physical  properties  and  not  because  of  the  effectiveness  of  the 
basic  chemicals. 

During  tests  in  the  late  1950's  in  California  (Davis  1959;  Davis  and  others  1961, 
1962,  1963;  Phillips  and  Miller  1961),  unthickened  and  thickened  ammonium  phosphate 
was  dropped  from  aircraft  and  applied  by  ground  tankers  onto  chaparral-type  fuel. 
Although  the  tests  were  quite  subjective,  it  was  concluded  that  thickening  agents  were 
necessary  to  improve  the  drop  characteristics  and/or  to  increase  retention  on  fuels, 
especially  for  fires  spreading  through  aerial  fuels  during  windy  conditions  and/or  in 
steep  terrain  where  high  aircraft  drops  were  necessary.  Viscous  products  such  as 
Bentonite,  Borate,  Algin-Gel,  Gelgard,  Algin-DAP,  Pectin-DAP,  CMC-DAP,  and  eventually 
Phos-Chek  and  Fire-Trol  100  were  developed  to  improve  the  drop  characteristics  of 
water  or  retardant  solutions. 

Meanwhile,  in  the  Southeast  States,  fire  control  personnel  were  successfully  drop- 
ping Pyro  (with  no  additives)  from  air  tankers  with  few,  if  any,  apparent  delivery 
problems.   This  successful  use  created,  numerous  Pyro  advocates  who  could  not  understand 
the  lack  of  interest  by  western  fire  control  personnel  in  using  this  product.   Dis- 
cussions began  as  to  whether  coloring,  corrosion  inhibitors,  or  other  additives  were 
really  necessary  and  led  to  a  controversy  over  the  use  of  such  chemicals. 

The  proponents  of  Pyro  suggested  that  the  Southeast's  fire  retardant  needs  and  use 
levels  were  comparable  to  those  of  the  Western  States  and  therefore  proposed  that  the 
same  materials  could  be  used  in  all  regions.   However,  the  amount  of  use,  general 
practices,  type  of  fuel,  type  of  fire,  and  topography  in  the  areas  where  Pyro  was  being 
used  were  considerably  different  from  those  in  the  Western  States.   For  example,  the 
amount  of  use:  for  the  years  1962  through  1969,  the  Southern  Region  of  the  Forest  Ser- 
vice dropped  958,000  gallons  of  liquid  concentrate  (Pyro)  for  an  average  annual  use  of 
about  120,000  gallons  (the  peak  year  was  1963  when  288,000  gallons  were  used).   During 
the  same  period,  the  Western  Regions  (Northern,  Rocky  Mountain,  Southwestern,  Inter- 
mountain,  California,  and  Pacific  Northwest)  of  the  Forest  Service  dropped  38,945,000 
gallons  for  an  average  annual  use  of  4,868,125  gallons.   In  addition  to  the  retardant 
used  by  the  Forest  Service  in  the  West,  the  average  annual  use  for  the  California 
Division  of  Forestry  and  the  Bureau  of  Land  Management  for  this  period  was  2,863,000 
and  846,000  gallons,  respectively.   Thus,  during  this  8-year  period,  the  use  of  Pyro 
averaged  less  than  2.5  percent  of  the  retardant  used  annually  by  the  Forest  Service  or 
approximately  1.4  percent  of  the  total  retardant  use  in  the  West.1 


1  Data  collected,  summarized,  and  reported  by  individual  Regions  and  agencies, 
Summary  data  acquired  from  conversations  with  agency  personnel  is  on  file  at  the 
Ncrthern  Forest  Fire  Laboratory,  Missoula,  Montana. 


Another  example  is  general  use  practices.   Air  tankers  normally  do  not  sit  loaded 
with  retardant  in  the  Southeast.   However,  water  is  kept  in  the  tanks,  requiring  that 
only  the  Pyro  be  added  when  a  fire  call  is  received.   Thus,  exposure  of  the  aircraft  and 
nixing  system  to  retardant  is  minimized  and  retardant-caused  corrosion  should  be  minimal. 
This  practice  is  not  encountered  in  the  West.   A  recent  survey  (August  2-7,  1974)  of  47 
western  retardant  bases  having  73  aircraft  available  disclosed  that  59  percent  of  the  air 
tankers  were  required  to  sit  loaded  in  readiness  during  the  fire  season,  while  only 
5  percent  of  the  air  tankers  never  sit  loaded.   The  remaining  air  tankers  occasionally 
sit  loaded  (see  data  in  DISCUSSION  section).   From  this  discussion,  one  might  conclude 
that  different  performance  requirements  or  specifications  might  be  applicable  for 
different  parts  of  the  country,  depending  on  the  type  of  fire  problem,  conditions  of 
use,  and  the  operational  methods  or  practices. 

In  the  Pacific  Northwest  Region,  severe  corrosion  occurred  on  mixing,  pumping, 
and  storage  facilities  over  an  8-  to  10-year  period,  requiring  extensive  repair, 
refurbishing,  and  replacement  of  some  equipment  to  maintain  operational  readiness. 
(Data  on  file  at  the  Northern  Forest  Fire  Laboratory,  Missoula,  Montana.)   Retardant- 
caused  corrosion  occurring  at  these  bases  was  primarily  to  mild  steel  although  other 
alloys  were  often  affected.   The  Pacific  Northwest  Region  bases  had  used  Fire-Trol  100 
exclusively  since  the  early  1960's.   The  ammonium  sulfate  based  Fire-Trol  100  is 
adequately  inhibited  for  aluminum  (<1  mil/yr  on  A1-2024-T3)  but  exhibits  significant 
corrosion  to  mild  steel,  brass,  copper,  and  some  other  alloys. 

Before  making  extensive  repairs,  Fire  Management  personnel  from  the  Pacific  North- 
west Region  decided  to  investigate  the  possibility  of  changing  retardant  types.   Prior 
to  the  selection  of  a  different  fire  retardant,  fire  control  and  equipment  specialists 
traveled  throughout  the  Southeast  to  look  at  the  facilities  and  determine  the  needs 
for  storing,  mixing,  and  handling  Pyro.   The  simplicity  of  the  liquid  system  and 
apparent  lower  cost  of  manpower,  hardware,  and  retardant  were  primary  considerations 
which  resulted  in  operational  trials  of  a  liquid  retardant  system  in  the  Pacific 
Northwest  Region  at  Lakeview,  Oregon,  and  Wenatchee,  Washington  (Wood  1970) .   During 
1969,  117,000  gallons  of  APP  were  dropped  on  28  fires  from  aircraft  operating  out  of 
these  bases.   In  general,  fire  control  personnel  were  favorably  impressed  with  the 
effectiveness  of  APP  in  the  Northwest.   It  was  determined,  however,  that  coloring  in 
the  formulation  was  necessary  (it  was  first  thought  that  a  flag-type  marking  system 
would  be  adequate) .   When  the  costs  of  coloring,  clay  to  hold  the  color  in  suspension, 
corrosion  inhibitors,  and  transportation  were  included,  the  apparent  cost  advantages 
were  substantially  reduced.   (The  cost  of  Pyro  in  the  South  was  considerably  below 
costs  for  Pyro  or  other  ammonium  polyphosphate  fertilizers  (such  as  10-34-0) 
encountered  in  the  West.   The  cheaper  cost  for  Pyro  was  primarily  due  to  local  market- 
ing (Muscle  Shoals,  Alabama)  by  TVA  (Tennessee  Valley  Authority),  a  Federal  agency. 
In  addition,  the  primary  source  of  10-34-0  in  the  Northwest  was  from  Allied  Chemical 
Company,  which  actually  manufactures  the  product  in  Giesmar,  Louisiana,  and  transports 
the  material  by  ocean  tankers  to  west  coast  outlets  in  Pasco,  Washington,  Portland, 
Oregon,  and  Wilmington  and  Richmond,  California.) 

It  is  important  to  note  that  direct  effectiveness  comparisons  had  been  made  with 
Fire-Trol  100  only.   It  is  understandable  that  in  experiences  gained  during  operational 
use,  the  unthickened  APP  (Fire-Trol  931)  was  found  to  be  equal  or  superior  in  effec- 
tiveness to  the  Fire-Trol  100  slurry.   Considerable  research  (both  laboratory  and 
field  tests)  has  been  conducted  to  quantify  the  relative  effectiveness  of  ammonium 
sulfate  and  ammonium  phosphate  compounds  (George  and  Susott  1971;  George  and  Blakely 
1972;  Johansen  1959).   On  an  equal  concentration  basis,  ammonium  sulfate  (as  contained 
in  Fire-Trol  100)  is  less  effective  in  reducing  the  rate  of  spread  and  fire  intensity 
than  are  ammonium  phosphate  compounds  (George  and  Blakely  1972).   This  is  because 
ammonium  sulfate  decomposes  at  a  lower  temperature  (less  than  flame  temperatures)  than 
does  ammonium  phosphate  and  is  thus  not  available  to  alter  fuel  pyrolysis  and  combus- 
tion reactions.   In  addition,  drop  tests  (George  and  Blakely  1973;  George  1975) 


indicate  little  difference  in  the  retardant  breakup  and  drop  characteristics  between 
unthickened  retardants  (such  as  water  and  Fire-Trol  931)  and  the  clay-thickened  Fire- 
Trol  100.   Although  this  phenomenon  has  been  observed  in  numerous  drop  tests,  only 
recently  have  we  learned  about  the  mechanisms  involved. 

Shock  Hydrodynamics,  under  Forest  Service  contract  (Andersen  and  others  1974b, 
1974c),  investigated  the  effects  of  retardant  rheological  properties,  and  determined 
that  aerial  breakup  was  not  a  function  of  apparent  viscosity,  as  previously  thought. 
Breakup  characteristics  were  related  to  the  effective  viscosity,  which  incorporates  the 
effect  of  shear  rate  and  retardant  elasticity.   Under  shear  rates  encountered  during 
primary  breakup  (10-1500  s  *),  it  was  found  that  the  gum- thickened  retardants  had  a 
significantly  higher  effective  viscosity  than  clay-thickened  Fire-Trol  100,  unthickened 
Fire-Trol  931,  or  water--which  all  had  similar  effective  viscosities  (table  1). 

Although  the  Northern  Forest  Fire  Laboratory  had  previously  conducted  a  number  of 
investigations  (retardant  evaluation  quarterly  reports  on  file  at  the  Northern  Forest 
Fire  Laboratory,  Missoula,  Montana)  to  determine  the  effectiveness  of  liquid  ammonium 
phosphate  and  polyphosphate  solutions,  the  first  evaluation  of  a  complete  formulation 
was  in  1968  when  Collier  Carbon  and  Chemical  Company  (a  subsidiary  of  Union  Oil 
Company  of  California)  submitted  a  thickened  liquid  ammonium  phosphate  product.   The 
system  involved  the  metered  addition  of  calcium  chloride  into  a  diluted  8-24-0  liquid 
ammonium  phosphate  fertilizer.   The  calcium  chloride  reacted  to  form  a  tricalcium 
phosphate  complex  in  suspension,  creating  a  thickened  slurry.   Laboratory  tests  con- 
ducted at  the  Northern  Forest  Fire  Laboratory  and  actual  operational  use  from  a  base 
at  Chino,  California,  indicated  the  sensitivity  of  the  final  slurry  suspension  to 
calcium  chloride  concentration,  to  the  pli  of  the  8-24-0,  and  to  shear  during  mixing, 
made  it  impossible  to  control  rheological  properties  of  the  slurry. 


Table  1 .- -Effective  retardant  viscosity  during  retardant  breakup  and  application1 


Shear  rate 

Effective 

viscosity 

(centipoise) 

Phase  of  drop 

Phos-Chek  : 

Fire-Trol 

Fire-Trol 

Water 

XA2 

100 

:   931  (LC) 

Deformation 

Low  (1-4  s"1) 

3,700 

10,000 

500 

1 

Liquid  instability 

Low  to  high 
(10-1500  s  ) 

1,400 

200 

50 

1 

Surface  erosion 

Medium  to  high.. 
(700-1400  s 

900 

45 

7 

<1 

) 

Fuel  impaction3 

Low  (M-4  s-1) 

^3,700 

^10,000 

^500 

M 

1  Data  from  "Investigation  of  Retardant  Rheological  Properties,"  final  report, 
Shock  Hydrodynamics  Division,  Whittaker  Corporation,  North  Hollywood,  California,  1974. 

2  Phos-Chek  XA  contains  a  modified  polysaccaride  (guar  gum)  thickening  agent  and  is 
representative  of  a  "gum-thickened  type"  retardant. 

1   Not  yet  completely  quantified- -approximately  equal  to  values  given  for  effective 
viscosities  during  the  deformation  phase. 


In  early  1968,  Allied  Chemical  Company  submitted  Arcadian  Poly-N  10-34-0  ammonium 
polyphosphate  for  evaluation.   Several  limiting  factors  were  encountered--notably 
corrosion,  lack  of  coloring  and  thickening  agents,  and  storability.   Allied,  in 
cooperation  with  the  Northern  Forest  Fire  Laboratory,  began  testing  several  promising 
corrosion  inhibitors.   During  this  time,  Arizona  Agrochemical  Corporation  (now 
Chemonics  Industries)  began  discussion  with  Allied  and  arrived  at  an  agreement  by 
which  Chemonics  Industries  would  cooperate  in  a  developmental  program  using 
Allied  Arcadian  Poly-N  for  fire  retardant  use.2   In  August  1968,  Chemonics  Industries 
submitted  Fire-Trol  931-A,  the  first  of  a  series  of  formulations  containing  APP 
(Arcadian  Poly-N),  corrosion  inhibitors,  coloring  agents,  and  attapulgite  clay  to  sus- 
pend the  coloring  agent  in  the  concentrate.  Other  Fire-Trol  formulations  followed 
(Fire-Trol  931-B,  931-C,  and  931-D)  with  similar  composition  except  for  the  corrosion 
inhibitor  or  inhibitors.   Fire-Trol  931-D  was  the  formulation  used  operationally  on  a 
trial  basis  in  the  Pacific  Northwest  Region  the  following  year  (1969).   (The  composi- 
tion of  each  Fire-Trol  931  formulation  is  given  in  appendix  A.) 

Because  Fire-Trol  931-A  through  931-D  did  not  initially  meet  the  current 
Forest  Service  performance  standards  for  either  corrosion  or  solution  stability 
(separation  or  storability),  emphasis  in  the  development  and  evaluation  was  placed  on 
these  properties.  The  retardant  corrosion  requirements  became  quite  controversial  for 
both  fire  control  and  research  and  development  personnel.   Requirements  and  specifica- 
tions developed  previously  for  thickened  fire  retardants  (Phos-Chek  XA  and  Fire-Trol 
100)  contained  a  corrosion  performance  requirement  of  <1  mil/yr  on  aluminum  2024-T3 
and  a  tendency  toward  pitting  of  less  than  5  (dimensionless  numerical  rating  obtained 
with  Magna  Corrater  model  1180)  in  addition  to  no  evidence  of  intergranular  corrosion.3 

Pyro  and  APP  advocates  argued  that  the  corrosion  requirements  were  too  stringent 
and  the  operational  use  of  Pyro  with  little  apparent  corrosion  was  evidence  that  stated 
corrosion  problems  and  1  mil/yr  requirements  were  unrealistic.   Numerous  corrosion  prob- 
lems, however,  had  been  documented4  with  mixing,  handling,  and  storage  equipment  which 
was  being  used  with  retardants  meeting  the  1  mil/yr  requirements  (Fire-Trol  100  and 
Phos-Chek  XA)  (Davis  and  Phillips  1965).   Because  of  this  corrosion,  R&D  personnel  took 
the  position  that  since  <_  1  mil/yr  corrosion  rate  on  A1-2024-T3  had  been  achieved  with 
Phos-Chek  XA  and  Fire-Trol  100,  the  same  performance  should  be  required  for  the  APP 
formulations  if  that  level  of  performance  was  practically  and  economically  attainable. 
(The  1  mil/yr  requirement  on  A1-2024-T3  can  be  attained  since  an  APP  formulation 
(10-34-0,  coloring, and  corrosion  inhibitors)  submitted  by  Stauffer  Chemical  Company  has 
been  evaluated  and  met  the  requirement.  Although  it  appeared  that  the  formulation 
would  be  approved,  Stauffer  withdrew  it  from  evaluation  prior  to  final  approval.) 

To  resolve  the  controversy  over  corrosion  requirements,  a  contract  was  let  by  the 
Forest  Service  to  Ocean  City  Research  Corporation  (OCRC)  in  June  1973.   Ocean  City  Re- 
search Corporation,  which  specializes  in  corrosion  research  and  consultation,  conducted 
field  surveys  of  aircraft  and  retardant  plant  facilities,  performed  laboratory  corrosion 
tests  on  present  retardant  formulations  and  on  alloys  determined  critical  during  the 
field  survey,  and  investigated  new  inhibitors  and  protective  systems  (Gehring  1974)  . 
The  program  was  designed  to  quantify  the  extent  of  actual  corrosion  occurring  in  the 
field,  correlate  the  results  with  laboratory  results,  and  make  recommendations  for  per- 
formance requirements,  evaluation  methods,  procedures  for  minimizing  damage,  and  alloys 
to  avoid  using.   The  initial  program  has  been  completed  and  a  summary  of  conclusions  and 


2Private  communication  with  Allied  Chemical  Company  and  Chemonics  Industries 
personnel . 

3USDA  Forest  Service  Interim  Specifications,  1969-1970. 

^Retardant  evaluation  quarterly  status  reports  on  file  at  the  San  Dimas  Equipment 
Development  Center,  San  Dimas,  California. 


recommendations  is  given  in  Appendix  B.   Additional  research  about  the  problem  is  being  I 
conducted  by  both  the  Forest  Service  and  OCRC  under  a  contract  amendment.5 

During  this  period,  Chemonics  Industries  submitted  numerous  liquid  phosphate  for- 
mulations containing  different  corrosion  inhibitors  and  types  (manufacturers  or  manu- 
facturing process)  of  ammonium  polyphosphate  in  an  attempt  to  achieve  a  corrosion 
rate  of  <1  mil/yr  on  A1-2024-T3  as  determined  by  the  Magna  Corrater  and  as  outlined  in 
USDA  Forest  Service  Specifications  5100-00301  and  5100-00302a.   (Retardants  for  ground 
application  (type  G)  also  required  a  corrosion  rate  of  <3  mil/yr  on  A1-2024-T3,  mild 
steel  AISI  C-1010,  prime  western  (ASTM)  zinc,  and  free-cutting  brass  (Fed.  Spec. 
QQ-B-626  composition  22).) 

Fire-Trol  931-D  was  first  used  operationally  in  the  Pacific  Northwest  Region  under  I 
interim  approval  by  Washington  Office  Fire  Management  and  purchased  under  Forest  Service! 
Specification  5100-00302a.   Exceptions  allowed  a  uniform  corrosion  rate  of  5  mil/yr 
(0.005  in)  on  A1-2024-T3  and  a  separation  of  12  percent  by  volume  (specification 
requirements  were  1  mil/yr  and  5  percent  separation  by  volume) . 

The  formulation  (Fire-Trol  931-D)  contained  sodium  dichromate  corrosion  inhibitor 
and  Allied  Poly-N  10-34-0  APP.   In  the  summer  of  1972,  the  manager  of  The  Dalles,  Oregon, J 
city  water  treatment  and  watershed  became  concerned  about  the  Pacific  Northwest  Region's! 
use  of  retardant  containing  ,:toxic  elements  as  a  part  of  their  chemistry,"  referring 
to  hexavalent  chromium.   (Correspondence  on  file  at  the  Northern  Forest  Fire  Laboratory, I 
Missoula,  Montana.)   After  much  deliberation,  the  Fire-Trol  931-APP  formulation  was 
altered;  the  sodium  dichromate  was  replaced  by  a  corrosion  inhibitor  system  composed  of 
sodium  thiosulfate,  sodium  molybdate,  and  sodium  2-mercaptobenzothiazole  (Fire-Trol 
931-J).   The  manufacturer  encountered  problems  with  the  latter  ingredient  while  blend- 
ing the  concentrate  (the  dust  caused  irritation  to  personnel  when  the  dry  material  was 
being  added  to  the  liquid  concentrate).   Therefore,  the  mercaptobenzothiazole  was 
dropped  from  the  formulation.6  The  resultant  formulation  (Allied  Poly-N  10-34-0, 
sodium  thiosulfate  and  sodium  molybdate  corrosion  inhibitors,  attapulgite  clay,  and 
iron  oxide  coloring)  has  never  been  submitted  to  and  tested  by  the  Forest  Service.   The 
inhibitor  system,  however,  satisfied  the  environmental  and  health  hazard  concerns  of 
The  Dalles  personnel  and  others  but  likely  exceeds  the  corrosion  rate  requirement  of 
less  than  1  mil/yr  on  A1-2024-T3  (previous  corrosion  tests  on  Fire-Trol  931-J  indicated 
a  corrosion  rate  of  approximately  5  mils/yr). 

In  November  1973,  Chemonics  Industries  submitted  a  Fire-Trol  931-L  (APP)  containing 
sodium  ferrocyanide  (YP  soda)7  as  a  corrosion  inhibitor  for  the  Allied  Poly-N  10-34-0 
formulation.   The  new  inhibitor  reduced  the  corrosion  rate  as  tested  in  accordance  with 
specifications  to  <1  mil/yr.   This  formulation  has  been  tested  by  the  Northern  Forest 
Fire  Laboratory  and  San  Dimas  Equipment  Development  Center  and  is  one  of  the  primary 
formulations  whose  performance  is  outlined  later  in  this  report.   This  formulation, 
however,  was  not  being  used  operationally  from  air  tankers.   The  Boise  National  Forest 
(air  tanker  base  at  Boise,  Idaho),  rather  than  using  Allied  Poly-N  10-34-0,  was  using  a 


5"Laboratory  investigation  of  fire  retardant-caused  corrosion,"  study  plan 
2107-500,  on  file  at  the  Northern  Forest  Fire  Laboratory,  Missoula,  Montana,  and  Forest 
Service  contract  26-3250  to  Ocean  City  Research  Corporation,  Ocean  City,  New  Jersey. 

6Private  communication  with  Kathy  Lacey,  Chemist,  Chemonics  Industries, 
October  1974. 

Chemonics  Industries  has  a  patent  pending  for  use  of  sodium  ferrocyanide  inhibi- 
tor in  ammonium  polyphosphate  base  forest  fire  retardants. 


Simplot-produced  superphosphoric  acid  which  was  being  ammoniated  by  local  fertilizer 
dealers  under  verbal  agreement  to  Chemonics  Industries  (Feed  Service,  Caldwell,  Idaho, 
was  formulating  Fire-Trol  931-P  utilized  at  the  Boise  Air  Tanker  Base).8 

Because  fire  and  fuel  characteristics  and  retardant  drop  conditions  often  vary 
and  have  different  requirements,  a  system  which  would  allow  independent  selection  of 
the  salt  content  and  rheological  properties  (especially  effective  viscosity)  potentially 
provides  the  fire  control  specialist  with  the  capability  to  tailor  the  retardant  properties 
to  the  specific  fire  situations.   This  concept  was  discussed  in  an  article  "Liquids 
fight  forest  fires"  published  in  Fertilizer  Solutions   magazine  (November-December  1971) 
with  a  headline:   "Searching  for  new  fire  retardant  system,  the  Forest  Service  challenges 
the  liquid  fertilizer  industry  to  produce  a  better  product..."  (George  1971b). 

Chemonics  Industries  decided  to  meet  this  challenge  and  began  the  research  and 
development  for  a  new  thickened  APP  retardant  system.   This  decision  was  stimulated  by 
the  Bureau  of  Land  Management  (BLM)  fire  control  personnel  at  Boise,  Idaho,  who  recog- 
nized the  need  for  improving  the  drop  characteristics  of  the  unthickened  APP  being  used, 
and  requested  such  a  product.   These  personnel  had  experienced  excessive  dispersion  and 
drift,  resulting  in  reduced  effectiveness  under  some  conditions  and  fire  situations. 
The  thickened  APP  formulations  previously  evaluated  were  considered  first  (invert- 
emulsion-thickened  10-34-0  systems  produced  by  both  Petrolite  Corporation  and  Stul 1 
Chemical  Company  had  previously  been  evaluated  in  the  laboratory  and  during  drop  tests 
at  Porterville,  California).   In  drop  tests,  the  invert-emulsion-thickened  retardants 
showed  poorer  drop  characteristics  than  the  gum-thickened  retardants,  although  all  were 
superior  to  the  unthickened  APP  solutions.   (1972  Marana  drop  tests.   Data  on  file  at 
the  Northern  Forest  Fire  Laboratory,  Missoula,  Montana.)   Test  drops  of  Petrolite- 
thickened  Fire-Trol  APP  solutions  on  actual  fuels  indicate  that  damage  to  vegetation 
(including  mature  trees)  may  result--probably  caused  by  the  Petrolite  thickening  agent 
(inverter) .   Chemonics  Industries  has  terminated  tests  until  the  cause  for  the  apparent 
toxicity  has  been  determined. 

In  November  1973,  Chemonics  Industries  submitted  two  thickened  APP  retardant  for- 
mulations: gum-thickened  Fire-Trol  931-L  and  Petrolite  invert-emulsion-thickened  Fire- 
Trol  931 -L.   After  preliminary  laboratory  tests  were  completed,  cooperative  agreements 
were  entered  between  Chemonics  Industries  and  the  Intermountain  Forest  and  Range  Ex- 
periment Station,  Northern  Forest  Fire  Laboratory;  planning  for  immediate  drop  testing 
began. y 

Drop  tests  with  the  new  thickened  APP  products  were  conducted  at  Marana,  Arizona, 
during  January  and  February  1974.   Analysis  of  test  results  indicated  that  gum-thickened 
Fire-Trol  931-L  was  superior  to  the  invert-emulsion-thickened  Fire-Trol  931-L,  and  that 
a  2,000  cP  apparent  viscosity  for  the  gum- thickened  solutions  gave  approximately  the 
same  drop  performance  as  the  previously  quantified  gum-thickened  Phos-Chek  XA  fire  re- 
tardant.  (The  drop  performance  of  the  gum-thickened  Fire-Trol  931-L  is  shown  in 
Section  3.1.15.,  Air  Drop  Characteristics.) 

The  BLM  and  Boise  National  Forest  decided  to  evaluate  the  gum-thickened  Fire-Trol 
931-L  operationally  during  the  1974  fire  season  at  Boise.   Fire-Trol  931-L  was  not  being 
used,  but  it  was  expected  that  drop  characteristics  would  be  similar  to  those  of  the 
product  being  used  (Fire-Trol  931-P;  and  thus  gum-thickened  Fire-Trol  931-P) .   The  major 
problem  at  this  point  was  the  development  of  a  proportioning  system  for  the  gum  thickener 


8Private  communications  with  representatives  of  the  companies  mentioned.   Fire- 
Trol  931-P  is  presently  being  evaluated  by  the  Northern  Forest  Fire  Laboratory  and  the 
San  Dimas  Equipment  Development  Center. 

^Cooperative  agreements  are  outlined  in  INT  Study  Plan  2107-17G,  on  file  at  the 
Northern  Forest  Fire  Laboratory,  Missoula,  Montana. 


which  would  provide  adequate  quality  control  at  preselected  levels  of  gum  and  APP  con- 
centration.  Chemonics  and  Developmental  Sciences  Incorporated  developed  such  a  system 
and  installed  it  at  the  Boise  base.   Although  the  equipment  was  used  operationally, 
there  were  problems  in  maintaining  accurate,  reliable  control  of  the  chemical  and  physi-] 
cal  retardant  properties  at  preselected  levels.   When  the  retardant  quality  was  known, 
fire  control  personnel  were  able  to  perform  adequate  on-the-fire  evaluations.   They 
concluded  that  gum- thickened  retardants  definitely  improved  retardant  drop  character- 
istics and  on-site  fire  retarding  effectiveness.10   (During  operational  evaluation, 
a  goal  was  to  achieve  effectiveness  from  higher  and  safer  average  drop  heights  be- 
tween 150  and  300  feet.) 


EVALUATION  OF  FIRE-TROL  931  APP  FORMULATIONS 


The  performance  of  the  Fire-Trol  931 -APP  formulations  that  have  been  evaluated  is 
given  in  this  section.   The  evaluation  was  performed  as  specified  in  Forest  Service 
Specification  5100-00302a  unless  otherwise  noted.  {The  paragraph  numbers  refer  to  qual&i 
fication  requirements  as  outlined  in  the  specification . ) 

Storage  (3. 1.1.) 

Requirements'-      The  liquid  concentrate  shall  be  stored  in  two  10-gallon  sealed,  mildJ 
steel  containers  for  a  period  of  1  year.   One  container  shall  be  subjected  to  outside 
environmental  conditions  at  Missoula,  Montana,  and  the  other  container  subjected  to 
outside  environmental  conditions  at  San  Dimas,  California  (fig.  1).   After  1-year 
storage,  the  liquid  concentrate  must  meet  all  requirements  defined  in  the  specification, 
and  the  "mixed  retardant"  (liquid  concentrate  mixed  with  water  according  to  retardant 
proportions  specified  by  the  manufacturer)  shall  meet  the  requirements  related  to 
viscosity  (3.1.3.),  separation  (3.1.12.),  and  spoilage  (3.1.13.).   The  mixed  retardant 
shall  not  exhibit  more  than  5  percent  by  volume  separation  for  a  period  of  4  hours  afteri 
mixing  (temperature  at  75  ±5°  F) . 

Performance:      Fire-Trol  931-L,  931-N,  931-P,  and  thickening  agents  are  currently 
being  stored  at  Missoula  and  San  Dimas.   Storage  tests  were  initiated  shortly  after  the 
dates  submitted  samples  were  received,  as  follows: 

Sample 

APP  -Fire-Trol  931-L 

concentrates  -Fire-Trol  931-N 

-Fire-Trol  931-P 

Thickening  -Liquid  gum  thickener 

agents  -Petrolite  invert  emulsifier 


Date 
received 

Date  storage 
tests  initiated 

1/2/74 
5/5/74 
7/26/74 

8/1/74 
8/1/74 
8/1/74 

7/29/74 
3/3/74 

8/1/74 
8/1/74 

10Personal  communication  with  Bureau  of  Land  Management  Fire  Management  personnel 


Figure  1. — Mild  steel  storage  container   (10  gallon)  with  plexiglass  slot  for  visually 
inspecting  the  retardant  during  the   long-term  storage  tests    (above).      Outdoor 
storage  rack  containing  10 -gallon  retardant  storage  samples    (below). 


Liquid  concentrate  storage    (4.3.1.1. )■      The  performance  of  the  liquid  concentrate 
and  the  mixed  retardant  (prepared  from  the  stored  concentrate)  has  been  determined 
during  the  prescribed  storage  period.   Visual  inspection  revealed  slight  separation  in 
the  APP  concentrate  samples.   Color  gradations  are  present  and  may  indicate  a  separa- 
tion of  colloidal  particles  by  size  class.   A  typical  blue  color  (due  to  presence  of 
the  sodium  ferrocyanide  corrosion  inhibitor)  is  evident  where  the  liquid  and  the  mild 
steel  are  in  contact  as  well  as  on  the  surface  of  the  liquid. 

The  Petrolite  invert  emulsifier  showed  complete  solution  stability.   The  liquid 
gum  thickener,  however,  had  significant  separation—the  gum  settled  from  the  upper  20 
percent  of  the  liquid  carrier.   The  gum  thickener  alone  does  not  meet  the  storage 
requirements. 

Mixed  retardant  storage    (4.3.1.2.):      The  mixed  retardant  was  stored  in  1 -quart 
glass  jars,  half  of  them  containing  a  mild  steel  coupon  (1  by  1  by  1/8-inch  in  size). 
This  test  was  conducted  on  a  sample  prepared  from  the  stored  concentrate;  however, 
separation  performance  was  not  expected  to  be  significantly  different.   The  separation 
rate  for  all  mixed  retardant  samples  tested  indicates  that  the  solution  is  not  stable 
(>5  percent  separation)  for  4  hours  after  mixing  (discussed  further  under  Separation, 
3.1.12.).   The  mixed  retardant  therefore  does  not  meet  the  requirements  for  storage. 

Specific  Weight  (3. 1.2.) 

Requirements:  The  liquid  concentrate  and  the  mixed  retardant  will  be  tested  for 
specific  weight  at  room  temperature  (70  ±  5°  F) .  A  test  sample  of  the  retardant  solu- 
tion will  be  allowed  to  sit  for  at  least  1  hour  to  allow  egress  of  any  entrained  air. 
The  specific  weight  will  be  determined  using  a  pycnometer  or  by  accurately  weighing  a 
gallon  of  the  solution.  The  specific  weight  of  the  mixed  retardant  shall  not  exceed 
9.5  pounds/gallon. 

Performance:      The  specific  weight  of  the  concentrates,  mixed  retardants,  thick- 
ening agents,  and  thickened  retardant  solutions  is: 


Specific  weight 


Retardant 


Fire-Trol  931-L 
Fire-Trol  931-N 
Fire-Trol  931-P 
Liquid  gum  thickener 
Petrolite  inverter 
Gum-thickened 

Fire-Trol  931-L 

(1.5  percent  gum) 
Petrolite- thickened 

Fire-Trol  931-L 

(4  percent  Petrolite  inverter) 


Mixed  retardant  @  4:1 

Concentrate 

dilution  rate 

(Lb /gal) 

(Lb/ gal) 

12.32 

9.19 

12.16 

9.21 

12.23 

9.22 

10.00 

6.93 

9.21 


9.20 


Because  the  Fire-Trol  931-APP  solutions  can  be  used  effectively  at  concentrations 
(dilution  rates)  other  than  the  standard  4:1  concentration,  it  is  often  necessary  to 
relate  specific  weights  to  dilution  rates  and  salt  concentrations  (P2O5  equivalent). 
A  standard  procedure  for  determining  the  salt  content  in  the  field  (George  1971a) 
is  to  use  calibration  tables  that  correlate  specific  gravity  of  a  prepared  filtrate 
solution  to  salt  content  and  dilution  rate.   Such  tables  for  calibration  and 
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field  determination  of  salt  content  and  thus  retardant  quality  have  been  determined 
for  Fire-Trol  931-L,  931-N,  and  931-P.   Although  calibration  tables  are  slightly 
different  for  the  three  formulations,  the  differences  are  probably  not  significant 
for  quality  control  purposes  in  the  field.   Table  2  provides  the  data  for  Fire-Trol 
931-P  (which  represents  approximate  mean  values  for  the  three  products) .   The 
lined  area  indicates  a  satisfactory  salt  content  exists  and  no  adjustment  is  needed. 
The  satisfactory  salt  content  was  determined  by  allowing  approximately  a  10  percent 

Table  2 .--Fire-Trol  931-P  salt  content  as  related  to  specific  gravity1 


Dilution 


rate 


2 


Measured 
specific  gravity 
of  filtrate 


Percent  P205 
equivalent 
(by  weight) 


Percent  DAP 
(NHtt)2HP0lt 
(by  weight) 


10:1 

1.043 

4.1 

7.6 

9:1 

1.047 

4.4 

8.2 

8:1 

1.053 

4.9 

9.1 

7:1 

1.060 

5.5 

10.2 

1.065 

5.9 

11.0 

6:1 

1.069 

6.2 

11.6 

1.070 

6.3 

11.8 

1.073 

6.6 

12.2 

1.075 

6.7 

12.5 

5:1 

1.080 

7.2 

13.3 

1.085 

7.5 

14.1 

1.090 

8.0 

14.9 

1 .  095 

8.4 

15.6 

4:1 

1.096 

8.5 

15.8 

1.100 

8.8 

16.4 

1.105 

9.  2 

17.2 

1.110 

9.6 

17.9 

1.115 

10.1 

18.7 

3:1 

1.119 

10.4 

19.3 

1.120 

10.5 

19.5 

1.125 

10.9 

20.3 

1.130 

11.3 

21.0 

1.135 

11.7 

21.8 

1.140 

12.1 

22.6 

1.145 

12.5 

23.3 

1.150 

13.0 

24.1 

2:1 

1.155 

13.4 

24.9 

Expanded  scale 


1:1 


1.175 
1.200 
1.221 
1.225 
1.250 


15.0 
■17.1 

18.8 
19.2 
21.3 


28.0 
31.8 
35.1 
35.7 
39.5 


1  The  recommended  use  level  for  Fire-Trol  931-P  is  four  parts  water  to  one  part 
concentrate  (by  volume) .   An  adequate  specific  gravity  and  salt  content  corresponding 
to  this  use  level  is  outlined  within  the  table.   Values  for  salt  content  were  deter- 
mined from  the  equation:   Percent  P2C>5  equivalent  =  83.02  specific  gravity  -  82.51. 

2  Ratio  of  volume  of  water  added  to  volume  of  concentrate. 
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deviation  above  and  below  the  recommended  salt  content.   (Values  in  this  table  are 
slightly  different  from  those  previously  published  (George  1971a),  due  to  differences  in  I 
the  basic  types  of  10-34-0  APP  and  the  formulation  (corrosion  inhibitors,  coloring 
agents,  and  other  additives).)   All  of  the  retardants  tested  meet  the  requirement  for 
specific  weight. 

Viscosity  (3. 1.3.) 

Requirements:      The  viscosity  of  the  liquid  concentrate  and  the  mixed  retardant 
will  be  determined  before  and  after  the  storage  period  outlined  under  Storage  (3.1.1.). 
The  viscosity  of  thickened  APP  samples  as  mixed  for  use  will  be  determined  at  appropri- 
ate time  intervals  depending  on  the  stability  of  thickened  slurry;  thus,  defining  a 
viscosity  versus  time  following  mixing  curve.  The  viscosities  will  be  determined  using 
a  Brookfield  Viscometer,  Model  LVT  or  LVF,  at  60  r/min  with  the  appropriate  spindle. 
(Spindle  No.  2  for  viscosities  1-500  cP,  spindle  No.  4  for  viscosities  greater  than 
500  cP.)  An  average  viscosity  will  be  determined  from  three  readings  on  1,000  ml 
retardant  samples  held  at  a  temperature  of  70  ±  5°  F.   The  viscosity  of  the  mixed  re- 
tardant shall  not  exceed  200  centipoise  and  the  viscosity  of  gum- thickened  APP  solutions! 
shall  be  1,000-2,000  cP.   (No  specification  exists  for  a  thickened  liquid  retardant. 
It  is  assumed  performance  requirements  shall  be  the  same  as  those  for  a  thickened,  dry 
chemical  retardant  (Forest  Service  Specification  5100-00301).   This  assumption  is  made 
because  on-site  retardant  requirements  should  be  the  same  for  a  solution  regardless  of 
whether  it  was  prepared  from  a  liquid  or  dry  ammonium  phosphate  salt.) 

Performance:      The  average  viscosities  of  the  Fire-Trol  931  APP  concentrate  and 
"mixed  retardant"  are  given  below: 

Retardant  Brookfield  viscosity 

(cP) 

Fire-Trol  931-L  (concentrate)  4,336 
Fire  Trol  931-L  (mixed  4:1)  81 

Fire-Trol  931-N  (concentrate)  3,661 
Fire-Trol  931-N  (mixed  4:1)  22 

Fire-Trol  931-P  (concentrate)  2,263 
Fire-Trol  931-P  (mixed  4:1)  34 

Gum  thickener  (concentrate)  4,557  (sample  #1) 

2,326  Csample  #2) 
Petrolite  invert  emulsifier  (concentrate)  32 

The  viscosities  of  the  concentrate  Fire-Trol  931  APP  solutions  vary  considerably, 
as  shown  by  the  data  above.   The  viscosity  of  these  solutions  is  a  function  of  the 
amount  of  shear  or  mixing  given  the  solution  during  its  preparation.   As  noted  by 
their  composition  (appendix  A),  these  solutions  contain  attapulgite  clay,  which 
derives  its  viscosity  by  separation  of  lattice  layers  and  inclusion  of  water  between 
these  layers.  The  degree  of  separation  of  these  layers  is  determined  by  the  amount  of 
shear  given  the  clay.   A  viscosity  of  at  least  1,500  cP  is  required  for  the  resulting 
slurry  to  maintain  a  stable  colloidal  suspension. 

The  viscosity  of  the  diluted  mixed  solution  (unthickened)  is  a  function  of  the 
dilution  rate  or  salt  concentration  and  the  initial  viscosity  of  the  concentrate. 
Figure  2  shows  a  plot  of  the  viscosities  of  Fire-Trol  931-1,  931-N,  and  931-P  as  a 
function  of  dilution  rate.   Although  differences  in  viscosity  can  be  seen,  it  is  very 
doubtful  that  these  viscosity  changes  significantly  affect  mixing,  pumping,  drop 
characteristics,  and  distribution  within  the  fuel  complex. 

The  viscosity  of  the  gum-thickened  Fire-Trol  931  APP  solutions  is  a  function  of 
the  dilution  rate  of  the  retardant,  the  amount  or  concentration  of  the  gum  thickener 
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Figure  2. — Viscosity  of 
unthickened  Fire-Trol 
931-L,    931-N,   and  931-P 
as  a  function  of  re- 
tardant  salt  content. 


i  i  i  i 

FIRE-TROL  931-L 
FIRE  TROL  931-N 
FIRE-TROL  931-P 


4  8  12  16 

SALT  CONTENT,  PERCENT  P2Os 


used,  and  the  hydration  time  following  mixing  (the  hydration  rate  is  also  a  function 
of  the  mixing  history--shear  rate,  time,  etc.)-   Figures  3,  4,  and  5  indicate  the 
effect  of  gum  concentration  and  hydration  time  on  the  viscosity  development  of  three 
different  dilutions  of  Fire-Trol  931-L  (2:1,  4:1,  6:1).   Similar  curves  are  being 
developed  for  Fire-Trol  931-N  and  Fire-Trol  931-P.   Although  slight  differences  in 
viscosity  are  expected  for  the  latter  two  products  (due  to  differences  in  the  basic 
10-34-0  solutions),  the  quality  of  the  gum  concentrate  will  likely  be  more  important. 
Storage  tests  to  date  indicate  the  quality  of  the  gum  concentrate  affects  the  resulting 
viscosity  and  the  stability  of  the  solution  to  a  greater  degree  than  does  the  type  of 
10-34-0.  This  effect  is  shown  by  comparing  viscosities  (measured  after  1  hour  and  the 
maximum  viscosity  developed)  for  samples  of  Fire-Trol  931-L  diluted  4:1  containing 
1.5  percent  of  gum  thickener  which  had  been  stored  for  various  lengths  of  time: 


Length  of  gum 
storage 


Viscosity  at 
1  hour 


Maximum  viscosity 
developed 


(Weeks)  (cP)  (cP) 

-  -  -  Fire-Trol  931-L  4:1  +  1.5  percent  gum  thickener  -  ■ 

0  1,200  1,670 

4  900  >900 

7  957  1,143 

9  1,013  1,240 

18  990  1,110 
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Fl  RE-TROL  931-L  2-1 


2.  00 


Figure  3. — The  effect  of  time 
following  mixing   (hydration 
time)   on  the  viscosity  of  a 
Fire-Trol  931-L  solution 
(2:1  dilution)  for  several 
concentrations  of  gum  thick- 
ener. 


15  30  45 

TIME  AFTER  MIXING,  MINUTES 


60 


1.  50 

2.  00 


15  30 

TIME  AFTER  MIXING,   MINUTES 


Figure  4. — The  effect  of  time 
following  mixing   (hydration 
time)   on  the  viscosity  of  a 
Fire-Trol  931-L  solution 
(4:1  dilution)  for  several 
concentrations  of  gum  thick- 
ener. 
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Figure  5. — The  effect  of  time 
following  mixing   (hydration 
time)   on  the  viscosity  of  a 
Fire-Trol  931-L  solution    (6:1 
dilution)  for  several  concentra- 
tions of  gum  thickener . 


I.  75 


15  30  45 

TIME  AFTER  MIXI  NG,   Ml  NUTES 


60 


16 


14 


12 


o 
o 


10 


CL 

o 

>- 

I- 

i/5 
o 
o 


FIRE-TROL  931-L  4~l 


1.  8  PERCENT  GUM 


I.  5  PERCENT  GUM 


.  3  PERCENT  GUM 


0.  0  PERCENT  GUM 


-L. 


12  16  20  24 

TIME  AFTER  MIXING,  DAYS 


28 


32 


36 


40 


Figure  6. — The  effect  of  storage  time    (time  after  mixing)   on  the  viscosity  of  4:1 

dilution  of  Fire-Trol  931-L  containing  gum  thickener  at  several  concentrations . 
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As  previously  noted,  the  storage  requirement  for  an  unthickened  mixed  retardant 
is  a  4-hour  stability  period  (separation  <5  percent  at  the  end  of  4  hours),  while  for 
a  thickened  mixed  retardant  the  solution  must  maintain  stability  for  1  year.   Because 
of  the  demand  mixing  capability  with  the  thickened  liquid  system  and  the  frequent 
practice  of  having  air  tankers  stand  by  loaded,  an  intermediate  storage  requirement 
might  be  warranted  (such  as  2  weeks  to  1  month  solution  stability).   In  view  of  the 
differing  requirements  for  the  dry-type  thickened  retardant  and  the  unthickened  liquid 
retardant,  storage  stability  was  quantified  over  a  period  of  time  covering  both  require- 
ments.  The  viscosity  of  Fire-Trol  931-L  mixed  at  a  dilution  of  4:1,  with  various  con- 
centrations of  gum  thickener  and  shown  as  a  function  of  time  since  mixing,  is  given  in 
figure  6.  The  1.5  and  1.8  percent  gum  mixtures  thicken  to  over  1,000  cP  within  the 
first  hour;  they  drop  below  that  level  in  4  and  30  days,  respectively. 

Unthickened  Fire-Trol  931-L,  931-N,  and  931-P  meet  the  viscosity  requirement  of 
less  than  200  cP.   When  thickened,  Fire-Trol  931-L  does  not  fulfill  the  requirement 
for  thickened  retardants  (dry  retardant  specification)  because  of  the  decrease  in 
viscosity  during  the  first  4  days. 

Corrosion  (3. 1.4.) 

Requirements    (uniform  corrosion  and  pitting  tendency  3. 1.4.1.    and  3.1.4.2.):     The 
liquid  concentrate  and  mixed  retardant  for  aerial  application  (type  A)  and  ground 
application  (type  G)  will  be  tested  for  uniform  corrosion  and  pitting  tendency  using  a 
corrosion  rate  meter  (Magna  corrater,  or  equal).   The  alloy  to  be  tested  will  be  used 
as  the  electrode  probes  in  determining  the  uniform  corrosion  rate  and  the  pitting 
tendency.   Aluminum  alloy  2024 -T3  will  be  used  for  both  type  A  and  type  G  retardants. 
In  addition  to  A1-2024-T3,  type  G  retardants  will  be  tested  using  probes  of  mild  steel 
AISI  C-1010  and  naval  brass. 

The  appropriate  metal  probe  will  be  immersed  in  the  retardant  test  sample  under 
static  conditions  for  16  hours.   The  conditioned  probe  will  then  be  immersed  into  the 
sample  under  dynamic  conditions  (sample  rotating  at  1  r/min)  for  8  hours,  and  then 
gently  rinsed  with  lukewarm  water.   After  the  probes  have  dried,  they  will  be  reimmersed 
in  the  sample  and  monitored  for  an  additional  8  hours,  after  which  they  will  be  rinsed 
with  a  high  pressure  stream  of  water  to  simulate  actual  aircraft  washdown.   The  probes 
will  be  dried  again,  and  then  immersed  under  dynamic  conditions  for  an  additional  8  hours 
The  uniform  corrosion  rate  will  then  be  determined.   The  uniform  corrosion  rates  for 
type  A  concentrate  or  mixed  retardants  shall  be  <1  mil/yr  (0.001  in/yr)  and  for 
type  G  concentrate  or  mixed  retardants  shall  be  <3  mils/yr  (0.003  in/yr).   The  pitting 
tendency  for  both  type  A  and  G  retardants  shall  not  exceed  a  factor  of  5.0. 

Performanoe    (uniform  corrosion  and  pitting  tendency  3.1.4.1.    and  3.1.4.2.):     The 
average  uniform  corrosion  rate  and  pitting  tendency  for  several  Fire-Trol  931  APP 
concentrates  and  mixed  retardants  on  aluminum  2024-T3  are  given  in  table  3.   This 
table  includes  several  dilution  rates  other  than  the  standard  4:1  dilution,  since  the 
manufacturer  suggests  possible  use  of  various  dilution  rates  in  addition  to  the  4:1 
dilution  rate.   Figure  7  shows  that  as  the  concentration  of  Fire-Trol  931-L  is 
increased  from  25:1  to  10:1  the  uniform  corrosion  rate  on  A1-2024-T3  increases.   With 
additional  increases  in  concentration  beyond  10:1,  the  uniform  corrosion  rate 
decreases.   To  determine  this  relationship  for  each  retardant  formulation  would 
require  a  very  large  number  of  tests  and  considerable  time;  therefore,  only  comparative 
data  at  selected  dilution  rates  have  been  determined  for  Fire-Trol  931-N  and  931-P 
(table  4).   At  all  concentrations  tested,  Fire-Trol  931-N  is  either  under  or  just 
slightly  over  1  mil/yr  and  all  Fire-Trol  931-P  concentrations  tested  are  under  1  mil/yr. 
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Table  I. --Uniform  corrosion  rates  and  pitting  tendency  on  A1-2024-T3  alloy  for  Fire-Trol  APP  retardant 
solutions  tested 


Retardant 


Concentrate 


Number 
of  runs 


Uniform 

corrosion 

rate 


Pitting 
tendency 


Diluted  for  use 


Dilution 
rate 


Number 
of  runs 


Uniform 

corrosion 

rate 


Pitting 
tendency 


(mils/yr) 

(mils/yr) 

Fire-Trol 

931 

2 

0.5 

0.07 

4-1 

3 

5.5 

5.4 

Fire-Trol 

934 

1 

.42 

1.4 

4-1 

1 

4.9 

2.5 

Fire-Trol 

931 -A 

1 

7.9 

.8 

4-1 

1 

14.0 

4.0 

Fire-Trol 

931-B 

2 

.24 

.55 

4-1 

2 

2.6 

1.4 

Fire-Trol 

931-C 

2 

.09 

.16 

4-1 

2 

2.9 

1.2 

Fire-Trol 

931-D 

2 

.74 

.31 

4-1 

2 

2.1 

.4 

Fire-Trol 

931 

1 

.75 

1.07 

4-1 

1 

3.4 

.5 

Dryden, 

Canada 

Fire-Trol 

931-E 

9 

.3 

.15 

4-1 

6 

1.1 

.1 

Fire-Trol 

931-F 

9 

.45 

.19 

4-1 

6 

2.5 

.2 

Fire-Trol 

931-J 

6 

2.0 

.8 

4-1 

6 

4.4 

.9 

Fire-Trol 

931-L 

3 

.23 

.15 

4-1 

18 

.79 

1.78 

do. 

7-1 

6 

.93 

1.99 

do. 

6-1 

9 

.73 

2.59 

do. 

5-1 

6 

.48 

1.31 

do. 

3-1 

3 

.13 

.63 

do. 

2-1 

3 

<.l 

.47 

do. 

10-1 

3 

1.13 

1.7 

do. 

25-1 

6 

.73 

4.35 

Fire-Trol 

931-N 

3 

.07 

3.23 

4-1 

16 

.85 

2.87 

do. 

7-1 

6 

1.01 

1.20 

do. 

6-1 

6 

.55 

.66 

do. 

5-1 

9 

1.01 

1.44 

do. 

3-1 

6 

1.27 

2.42 

Fire-Trol 

931-P 

6 

.37 

.47 

4-1 

12 

.48 

1.70 

do. 

7-1 

6 

.35 

.93 

do. 

6-1 

9 

.88 

.79 

do. 

5-1 

6 

.69 

1.  17 

do. 

3-1 

6 

.62 

1.10 

DILUTION    RATE 


Fl  RE-TROL   931-L 


10  I  2 

SALT   CONTENT-%   P,Ot 


I  6 


32 


34 


Figure   7. — Uniform  corrosion  rate  of  A1-2024-T3  as  a  function  of  salt  content  for 
Fire-Trol  931-L. 
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Table  4 .--Uniform  corrosion  rates  and  pitting  tendency  on  A1-2024-T3  alloy 
for  unthickened  Fire-Trol  931-N  and  931-P. 


Dilution 
rate 


Analyzed 

salt 

content 


Number 

of 

runs 


Uniform 
corrosion 


Pitting 
tendency 


Percent   P2C5 


FIRE-TROL  931-N 


Mils/yr 


H20 


0.0 

5.66 
6.43 
7.23 
8.66 
10.77 


6 
6 
9 
16 
6 


0.104 

1.01 
.55 

1.01 
.85 

1.27 


0.06 

1.20 
.66 

1.44 
2.87 
2.42 


Cone 


32.67 


07 


3.23 


FIRE-TROL  931-P 


H20 

7 

1 

6 

1 

5 

1 

4 

1 

3 

1 

0.0 

5.71 
6.69 
7.64 
8.84 
10.41 


6 
9 
6 
12 
6 


.104 

.35 
.88 
.69 
.48 
.62 


.06 

.93 

.79 

1.17 

1.70 

1.10 


Cone 


32.41 


,37 


.47 


Similar  corrosion  tests  were  run  on  gum-thickened  Fire-Trol  931-L,  as  well  as  the 
concentrated  liquid  gum-thickening  agent  and  the  Petrolite  inverter.   The  results  of 
these  corrosion  tests  are  given  in  table  5.   Corrosion  rates  for  gum-thickened  Fire- 
Trol  931-N  and  931-P,  mixed  4:1,  are  also  given.   One  2:1  dilution  and  a  6:1  dilution 
of  Fire-Trol  931-L  have  uniform  corrosion  rates  above  1  mil/yr.   All  other  mixtures 
with  various  dilution  rates  and  amounts  of  gum  thickener  have  corrosion  rates  less 
than  1  mil/yr. 


Although  Fire-Trol  931  is  considered  a  type  A  retardant  (for  aerial  application) 
and  not  normally  for  use  as  a  type  G  retardant  (for  ground  application),  several  tests 
were  run  on  the  alloys  specified  for  type  G  retardants  (mild  steel,  brass,  and  zinc 
[3.1.4.2.]).   Corrosion  rates  for  these  alloys  when  exposed  to  several  Fire-Trol  931 
formulations  are  given  in  table  6.   On  brass  and  1010  steel,  only  Fire-Trol  931-N 
concentrate  has  a  corrosion  rate  higher  than  1  mil/yr.  All  materials  tested  on  zinc 
show  high  corrosion  rates  of  over  450  mils/yr. 

The  investigation  of  retardant-caused  corrosion  performed  by  Ocean  City  Research 
Corporation  (Gehring  1974)  has  better  defined  the  effects  of  these  formulations  on 
several  types  of  corrosion;  i.e.,  uniform  or  general,  galvanic,  crevice,  fatigue,  stress,, 
etc.   Although  current  retardant  specifications  do  not  contain  requirements  for  corro- 
sion other  than  those  outlined  in  this  section  for  uniform  corrosion  and  pitting  tendency 
(3.1.4.2.)  and  intergranular  corrosion  O.I.4.3.),  the  corrosion  characteristics  of 
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Table  5 .- -Uniform  corrosion  rates  and  pitting  tendency  on  A1-2024-T3  alloy  for 
gum-thickened  Fire-Trol  931-L,    931-N,   and  931-P 


Retardant 


Pi lution 
rate 


Amount  of 
gum 


No. 

of 

runs 


Un  i  form 
corrosion 


Pitting 
tendency 


Petrol ite  inverter 
Gum  thickener 
(old  drum) 
Gum  thickener 
(new  drum) 
Fire-Trol  931-L 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

Fire-Trol  931-N 
Fire-Trol  931-P 


Cone . 
Cone. 


Cone . 


4:1 
4:1 


(Percent 
by  weight) 


(Mils/yr) 

0.20 
<.01 

<.01 


0.831 
.1 

.03 


1.3 

3 

1.58 

1.73 

1.5 

3 

.31 

.63 

1.8 

3 

.29 

.55 

1  .3 

3 

.32 

.22 

1.5 

3 

.19 

.44 

1.8 

3 

.18 

1.32 

1.3 

3 

<.01 

1.30 

1.5 

3 

<.01 

2.00 

1.8 

5 

.24 

.60 

1.3 

3 

.05 

.58 

1.5 

3 

.21 

.24 

1.8 

2 

.21 

.075 

1.3 

3 

<.01 

3.33 

1.5 

3 

.17 

1.67 

1.8 

3 

1.12 

.74 

1.3 

3 

.25 

.51 

1.3 

3 

.81 

1.08 

1  Visual  inspection  of  Corrater  probes  following  these  tests  indicates  significant 
pitting  although  the  instrument  data  indicated  a  pitting  tendency  of  0.83. 


Table  6. 


-Uniform  corrosion  rates  and  pitting  tendency  on  zinc,   brass, 
and  (1010)   steel  for  Fire-Trol  931  formulations  tested 


Retardant 


Dilution 
rate 


Number 
of  runs 


Un  i  form 
corrosion 


Mils/yr 


Pitting 
tendency 


ZINC 


Fire-Trol  931-D 
Fire-Trol  931-L 
Fire-Trol  931-L 


4:1 

3 

Cone . 

3 

4:1 

3 

456  90 

921  0 

initial  rate  >1000  mil/yr 


BRASS 


Fire-Trol  931-D 

Fire-Trol  931-L 

Fire-Trol  931-L 

Fire-Trol  931-N 

Fire-Trol  931-N 

Fire-Trol  931-P 

Fire-Trol  931-P 


Fire-Trol  931-D 

Fire-Trol  931-L 

Fire-Trol  931-L 

Fire-Trol  931-N 

Fire-Trol  931-N 

Fire-Trol  931-P 

Fire-Trol  931-P 


4:1 

3 

0.94 

0.9 

Cone. 

3 

.15 

.03 

4:1 

3 

.43 

.1 

Cone . 

3 

.897 

.09 

4:1 

3 

.637 

.17 

Cone. 

3 

.056 

.05 

4:1 

3 

.148 

.06 

1010 

STEEL 

4:1 

3 

.86 

.30 

Cone. 

3 

.17 

.18 

4:1 

3 

.56 

.87 

Cone. 

3 

1.88 

1.56 

4:1 

3 

.581 

.062 

Cone. 

5 

.418 

.43 

4:1 

3 

.916 

.04 
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these  products  and  alloys  are  of  considerable  interest  to  retardant  users.   Therefore, 
test  results  and  subsequent  recommendations  are  summarized  in  the  discussions  and  in 
appendix  B. 

Requirements    ( 'Intergranular  Corrosion  3.1.4.3.):      Intergranular  corrosion  will  be 
measured  for  type  A  liquid  concentrates  and  the  mixed  retardant,  using  U-bend  2024-T3 
aluminum  test  samples.  Two  individual  U-bend  samples  will  be  exposed  to  the  retardant  by 
using  a  2-hour  cycle  alternate  submersion-immersion  machine  (2  min  retardant  exposure; 
1  hour  58  min  drying  period).   The  U-bend  samples  will  be  removed  from  the  retardant 
after  300  hours  of  exposure.   Two  additional  U-bend  samples  will  be  exposed  to  the 
atmosphere  for  control  purposes. 

Performance    (Intergranular  Corrosion  3.1.4.3.):     These  tests  were  performed  by 
the  San  Dimas  Equipment  Development  Center,  San  Dimas,  California.   SDEDC  reported  that 
"there  was  no  intergranular  corrosion  caused  by  Fire-Trol  931-L,  931-N,  or  931-P." 
(Data  on  file  at  the  Northern  Forest  Fire  Laboratory  or  San  Dimas  Equipment  Development 
Center.)  (Note:   Intergranular  corrosion  tests  were  only  performed  on  the  liquid  con- 
centrate and  the  mixed  retardant  at  the  4:1  dilution  rate.) 

pH  Values  (3.1. 5.) 

Requirements:      The  pH  of  the  liquid  concentrate  and  "mixed  retardant"  shall  be 
between  6.0  and  8.0. 

Performance:      The  pH  of  the  concentrate  and  mixed  solutions  of  Fire-Trol  931-L, 
931-N,  and  931-P  was  determined  using  a  Sargent  Model  LS  pH  meter  (accuracy  ±0.05  pH 
units) .   The  results  given  below  show  that  in  mix  ratios  of  from  0  parts  water  with 
1  part  concentrate  to  10  parts  water  with  1  part  concentrate,  the  pH  of  all  mixtures  is 
between  6.0  and  6.65  except  Fire-Trol  931-N  concentrate  which  is  5.82. 


Retardant 

mix  ratio 

(water  to  cone. 

by  volume) 

Concentrate 

1 

1 

2 

1 

3 

1 

4 

1 

5 

1 

6 

1 

7 

1 

8 

1 

9 

1 

10 

:1 

pH  of  solution 


Fire-Trol  931-L 

6.10 
6.28 
6.40 
6.43 
6.46 
6.53 
6.52 


Fire-Trol  931-N 


Fire-Trol  931-P 


56 
59 
53 
62 


82 
09 
19 

22 
27 
32 
32 
37 
39 
40 
42 


20 
33 
42 
50 
51 


6.54 
6.58 
6.59 
6.55 
6.57 
6.65 


A  plot  of  the  pH  as  a  function  of  dilution  rate  (fig.  8),  shows  a  constant  decrease' 
in  pH  from  the  most  dilute  to  the  most  concentrated. 
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Figure  8. — pH  of  the  retardant  solution  as  a  function  of  dilution  rate  or  salt  content. 


Abrasion  and  Erosion  (3.1 .6.) 

Requirements:     An  aluminum  2024-T3  disc  and  wear  plate  will  be  used  to  determine 
abrasion  and  erosion  characteristics  of  retardant  samples.   The  disc  is  4.00  ±0.01 
inches  in  diameter  and  approximately  5/16  inch  thick,  with  an  overall  thickness  toler- 
ance of  ±0.001  inch.  The  wear  plate  has  a  similar  thickness;  but  it  is  square,  with 
an  edge  dimension  that  exceeds  the  diameter  of  the  disc. 

The  disc  will  be  mounted  on  a  rotating  shaft  and  positioned  parallel  to  and  di- 
rectly above  the  stationary  wear  plate.  The  uniform  space  between  the  disc  and  wear 
plate  will  be  0.020  ±0.001  inch. 

With  the  disc  and  wear  plate  immersed  about  2  inches  into  the  retardant  sample,  the 
disc  will  be  rotated  at  1,800  r/min  for  50  hours.  Thickness  measurements  will  be  taken 
on  the  plate  and  the  disc  with  an  average  thickness  determined.  Maximum  abrasion  shall 
not  exceed  0.010  inch. 

Performance:     These  tests  were  performed  by  the  San  Dimas  Equipment  Development 
Center  (data  on  file  at  the  Northern  Forest  Fire  Laboratory  and  San  Dimas  Equipment 
Development  Center)  and  their  reports  show  the  total  measured  wear  was  0.0085  inch  for 
931-L,  0.004  inch  for  931-N,  and  0.0095  inch  for  931-P.   All  three  retardants  had  less 
than  the  maximum  allowable  0.010  inch  and  are,  therefore,  acceptable. 

Apparently  only  the  mixed  retardant  at  a  4:1  dilution  ratio  was  tested.   Although 
the  performance  of  the  concentrate  and  other  dilutions  is.  not  known,  similar  per- 
formance for  these  solutions  will  be  required. 
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Combustion  Retarding  Effectiveness  (3.1 .7.) 

Requirements:      The  long-term  fire-retarding  effect  of  the  retardant  will  be  measured 
by  burning  ponderosa  pine  needle  and  aspen  excelsior  fuel  beds  treated  with  the  mixed 
retardant.   The  8-foot-long,  18-inch-wide,  3-inch-deep  fuel  beds  will  be  prepared  to 
reproducible  specifications  using  6  pounds  of  needles  or  4  pounds  of  excelsior  that  have 
been  predried  to  a  5.0  to  7.5  percent  equilibrium  moisture  content.   The  mixed  retardant 
will  be  sprayed  uniformly  into  fuel  beds  at  1  and  2  gal/100-ft2  levels  and  then  dried 
until  100  percent  of  the  original  moisture  has  evaporated.   The  treated  beds  will  then 
be  burned  under  controlled  conditions  of  90°  F,  20  percent  relative  humidity,  and  in  a 
5  mi/h  wind. 

The  parameters  used  to  determine  retardant  effectiveness  will  be  rate  of  fire  spread 
and  fire  intensity.   The  rate  of  spread  (Rs)  will  be  measured  visually  as  the  flame 
front  moves  through  the  treated  fuel.   Fire  intensity  will  be  determined  by  measuring 
fuel  rate  of  weight  loss  (Rw)  during  the  fire  and  the  residue  weight  (Rr)  after  all 
combustion  has  stopped.   The  reduction  in  spread  and  intensity  rates  caused  by  the  re- 
tardant treatment  will  be  determined  as  a  percent  of  untreated  values  for  the  same 
parameters  in  similar  fires. 

The  retardant  will  be  evaluated  by  use  of  a  numerical  rating  called  a  superiority 
factor  (S.F.).   The  percent  reduction  data  from  all  fires  will  be  combined,  weighted, 
and  calculated  into  one  numerical  factor  that  can  be  used  to  compare  a  given  product 
to  any  other  tested  product.   The  superiority  factor  is  a  numerical  index  from  0.0  to 
1.0.   A  chemical  registering  an  S.F.  of  0.0  would  have  no  retarding  effect  and  a  chemical! 
having  an  S.F.  of  1.0  would  prevent  combustion. 

The  overall  superiority  factor  is  calculated  for  both  fuel  types,  application  rates, 
and  parameters  measured  by  the  formula.   The  equation  used  to  compute  superiority  fac- 
tors for  each  retardant  is: 

S.F.  =  0.25  (%  decrease  Rs  needles)  +  0.25  (%  decrease  Rs  exc) 

+  0.125  (%  decrease  Rw  needles)  +  0.125  (%  decrease  Rw  exc) 

+  0.125  (%  reduction  in  fuel  consumed  needles) 

+  0.125  (%  reduction  in  fuel  consumed  exc). 


For  a  retardant  to  be  considered  effective,  its  superiority  factor,  plus  the 
standard  error  of  the  mean,  must  fall  between  0.50  and  1.00.   (This  deviates  from  the 
acceptable  level  of  0.60  given  in  USDA  specifications  5100-00301  and  5100-00302a.   The 
lower  acceptance  level  occurs  because  an  additional  fire  intensity  parameter  (residue 
or  fuel  consumed)  has  been  added  to  the  superiority  factor  calculation,  thus  causing  a 
reduction  of  approximately  0.10.) 

Performance:      The  superiority  factors  for  Fire-Trol  931-L,  931-N,  and  931-P  as  a 
function  of  the  amount  of  chemical  applied  are  shown  in  figure  9.   (The  actual  data 
from  which  the  superiority  factors  were  derived  are  given  in  appendix  C.)   Figure  9 
also  shows  the  standard  DAP  superiority  factor  (George  and  Blakely  1972)  as  a  function 
of  the  grams  of  P205/ft2.   To  assure  comparability  of  data  establishing  the  standard 
curve  with  the  fuels  and  conditions  used  for  evaluating  the  Fire-Trol  APP  products, 
tests  using  standard  DAP  solutions  were  also  conducted.   The  results  from  these  fires 
are  shown  as  "DAP"  points  and  are  shown  to  fit  the  previous  standard  DAP  curve  very  well, 

Although  the  average  values  for  superiority  for  all  parameters,  fuels,  and  con- 
centration levels  combined  closely  fit  the  standard  DAP  curves,  individual  elements 
often  contain  significant  variation.   (See  figures  in  appendix  C.)   However,  the  gen- 
eral difference  between  the  Fire-Trol  APP  solutions  and  the  "DAP"  are  quite  consistent. 
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Figure  9. — The  superiority  factor  for  Fire-Trot  9Z1-L,    931-N3    931-P,   and  standard  DAP 
as  a  function  of  the  amount  of  ohemical  applied. 


The  difference  in  effectiveness  between  Fire-Trol  931  APP  products  and  DAP  solu- 
tions is  primarily  due  to  the  presence  of  impurities  in  Fire-Trol;  however,  small 
differences  might  be  attributed  to  the  form  and  availability  of  the  P2O5  (ortho  vs. 
polyphosphate  content).   Basic  green  acid  10-34-0  solutions  contain  small  percentages 
of  impurities  (table  7)  and  can  tie  up  the  phosphate  to  form  insoluble  compounds  that 
may  or  may  not  be  effective  fire  retardants.   Usually,  compounds  formed  with  Fe,  Ca, 
and  Mg  are  ineffective  due  to  their  high  temperature  requirement  for  decomposition  and 
thus  their  unavailability  especially  in  terms  of  altering  pyrolysis  and  combustion 
reactions. 


The  data  below  show  the  relative  efficiency  in  terms  of  effectiveness  for  the  Fire- 
Trol  APP  and  DAP  solutions. 

Superiority  factor 


Fire-Trol  931-L 
Fire-Trol  931 -N 
Fire-Trol  931-P 


(All  treatments,    levels, 
and  fuels) 

0.53 
.53 
.51 


(Equivalent  DAP 
solution) 

0.60 
.59 

.57 
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Table  7 .--Results  of  chemical  analysis  of  Fire-Trol  931-L,    931-N,   and  931-P 


Element 


Method 


Liquic 

I  concentrate                 : 

Mixed   4: 1 

931-L 

931-N      : 

931-P      : 

931-L 

:      931-N 

:        931-P 

Percent 

by  weight 

9.29 

9.30 

9.30 

2.51 

2.50 

2.50 

31.58 

31.62 

31.62 

8.52 

8.51 

8.49 

9.90 

9.69 

9.45 

2.46 

2.55 

2.60 

31.75 

30.00 

29.40 

8.49 

8.28 

7.82 

y/'ii 

30 

67 

136 

30 

7.5 

12.5 

6.5 

8.0 

16.5 

4 

,863 

5,050 

5,013 

70 

61 

64 

272 

176 

279 

41 

66 

87 

1.5 

1.9 

2.4 

2.5 

1.3 

16.2 

6.0 

2.75 

16 

p2o5 


N 

p2o5 


Zn 

4 

Mn 

4 

Cu 

4 

Fe 

4 

Ca 

4 

Mg 

4 

Cr 

4 

Pb 

4 

Cd 

4 

Ni 

4 

Method: 

1.  Calculated  from  manufacturer's  data 

2.  Micro-Kjeldahl  analysis 

3.  Colorimetric  analysis 

4.  Commercial  lab  (USTL,  Inc.) 


In  other  words,  to  compare  effectiveness,  the  comparison  must  be  made  on  more  than 
just  the  total  P2O5  equivalent,  since  the  P2O5  may  or  may  not  be  available.   For  example, 
the  level  of  phosphate  in  Fire-Trol  931-L  reduced  combustion  by  53  percent  over  untreated 
fuel.   Had  the  same  phosphate  been  "available"  as  in  the  DAP  solution  tested,  it  would 
have  reduced  combustion  by  60  percent. 

Fire-Trol  931-L,  931-N,  and  931-P  have  a  superiority  factor  of  0.53,  0.53,  and  0.51, 
respectively,  when  mixed  at  a  4:1  dilution  rate,  which  is  greater  than  the  minimum  allow- 
able superiority  factor  (0.50).   However,  in  dilutions  of  more  than  4:1,  the  superiority 
factor  will  fall  below  the  0.50  level. 


Color  (3.1. 8.) 

Requirements:      Type  A,  air  applied,  liquid  concentrate  shall  contain  sufficient 
nonstaining  coloring  agent  so  that  the  "mixed  retardant"  shall  contain  a  minimum  of  16 
grams  of  coloring  agent (Fe203)  per  mixed  gallon  or  equal.   Color  for  type  G,  ground 
applied,  liquid  concentrate  is  optional.   If  color  is  specified,  type  G  liquid  concen- 
trate shall  contain  sufficient  nonstaining  coloring  agent  so  that  the  "mixed  retardant" 
shall  contain  a  minimum  of  5  grams  of  coloring  agent (Fe203)  per  mixed  gallon  or  equal. 
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Performance:     The  color  composition  of  each  of  the  Fire-Trol  APP  solutions  is  given 
in  appendix  A.   Using  the  composition  given,  the  quantity  of  coloring  agent  was 
calculated  and  is  given  below: 

Quantity 
Coloring  agent  (Grams /gallon  of  mixed  retardant) 

Fire-Trol  931-L  Dye 

Fe203  16.15 

Fire-Trol  931-N  Dye 

Fe203  16.12 

Fire-Trol  931-P  Dye 

Fe203  16.18 

Thus,  Fire-Trol  931-L,  931-N,  and  931-P  when  mixed  at  a  dilution  rate  of  4:1  contain  at 
least  16  grams  of  coloring  agent  (Fe203)  as  required. 


Health  and  Safety  (3. 1 .9.) 

Requirements  and  Performance:      USDA  specifications  5100-00301  and  5100-00302a 
contain  no  requirements  for  health  and  safety.   However,  evaluation  procedures  usually 
include  review  of  the  composition  and  a  literature  search  of  toxicity  information  con- 
cerning these  compounds. 

In  the  case  of  the  Fire-Trol  931  APP  formulations,  the  toxicity  of  the  basic  in- 
gredient (10-34-0)  is  fairly  well  documented.   A  partially  completed  literature  review 
conducted  by  George  (results  on  file  at  the  Northern  Forest  Fire  Laboratory)  and  recent 
studies  by  the  National  Marine  Fisheries  (Blahm  and  others  1974),  indicated  and  sub- 
stantiated that  the  primary  environmental  impact  of  the  APP  solutions  is  their  effect 
on  water  quality  and  marine  life.   Low  concentrations  can  be  toxic  to  fish  and  other 
aquatic  organisms.   The  NH3  has  been  determined  to  be  the  toxic  ingredient  and,  because 
of  the  relative  amount  of  NH3  contained  in  the  formulations,  will  usually  overshadow 
the  effect  of  the  minor  ingredients  contained  in  the  formulation.   A  study  by  the 
Pacific  Northwest  Forest  and  Range  Experiment  Station  is  determining  the  effects  of 
streamside  application  of  ammonia-based  fire  retardant  on  streamwater  chemistry  and 
benthic  organisms  (Study  Plan  1602-54,  Pacific  Northwest  Station.   Data  on  file  at 
the  Northern  Forest  Fire  Laboratory) . 

The  possible  effects  of  the  retardant  on  human  health  have  been  a  concern.   For 
example,  in  the  Pacific  Northwest  Region  sodium  dichromate  corrosion  inhibitor  was  re- 
moved from  Fire-Trol  931  for  operational  use  after  The  Dalles  (Oregon)  City  Water 
Board  became  concerned  about  the  toxic  effects  of  the  sodium  dichromate. 

When  Fire-Trol  931-L  was  submitted  with  sodium  ferrocyanide  as  a  corrosion 
inhibitor,  the  "ferrocyanide"  cast  some  doubt  on  "health  and  safety"  effects.   A 
thorough  literature  review  and  laboratory  tests  were  performed  to  determine  the 
legitimacy  of  such  doubts  and  establish  what  effects  might  be  expected.   (Data  on 
file  at  the  Northern  Forest  Fire  Laboratory.)   Truesdial  Laboratories  conducted  inde- 
pendent tests  and  determined  that  when  ferrocyanide  was  burned,  most  of  the  cyanogens 
became  C02  rather  than  poisonous  HCN  gas.   When  retardant  is  applied  on  wildfires  at 
2  gal/100  ft2,  the  maximum  possible  HCN  given  off  is  50  mg/m3  total.   Since  OSHA  allows 
a  maximum  exposure  level  to  HCN  gas  of  11  mg/m3  in  air  during  a  40-hour  work  week,  no 
harmful  human  or  environmental  effects  are  expected. 
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Mixing  (3. 1.10.) 

Requirements:      The  mixing  of  unthickened  liquid  retardants  shall  be  simply  by  adding 
water  to  the  liquid  concentrate.   For  thickened  liquid  retardant  the  slurry  shall 
reach  the  accepted  viscosity  within  4  minutes'  mixing  time  (as  prescribed  in  the 
"thickened"  specification  5100-00301).   The  accepted  viscosities  are: 

Viscosity 
(oP) 

Gum-thickened  retardants  (type  I)  1,000-2,000 

Gum-thickened  retardants  (type  II)  1,500-2,500 

Performance:      The  Fire-Trol  931  APP  products  can  be  mixed  simply  by  adding  water. 
However,  agitation  is  required  for  the  solution  to  be  adequately  mixed--the  active 
retardant  salt  evenly  distributed  throughout  the  solution.   The  gum-thickened  Fire-Trol 
931  APP  solutions  also  require  shear  or  agitation  to  evenly  distribute  the  low  concen- 
tration of  gum  within  the  diluted  APP  solution.   Obtaining  a  good  uniform  quality  of 
the  mixed  retardant  (both  salt  and  viscosity)  is  a  function  of  the  mixing  system 
being  used.   The  performance  of  the  gum  in  developing  the  required  viscosity  is 
covered  in  section  3.1.3.  (viscosity).   The  viscosity  of  the  gum-thickened  Fire-Trol 
931-L  does  not  reach  the  accepted  level  in  4  minutes  as  required  in  the  thickened 
retardant  specification;  however,  it  does  reach  this  level  in  approximately  15  minutes 
(probably  acceptable  performance).   Only  a  few  comparative  tests  were  run  on  hydration 
times  for  gum-thickened  Fire-Trol  931-N  and  931-P,  but  they  showed  similar  results  to 
the  931-L  tests. 


Salt  Content  (3. 1.11.) 

Requirements:      Standard  chemical  analysis  procedures  will  be  used  to  analyze 
each  liquid  concentrate  for  phosphorous  and  nitrogen  content.   A  colorimetric  method 
will  be  used  for  determining  the  P2O5  (P)  equivalent  in  all  ammonium  phosphate  solu- 
tions.  A  micro-Kjeldahl  distillation  method  will  be  used  to  analyze  for  NH3  (N)  in  all 
ammonium  compounds. 

To  analyze  for  P2O5,  a  sample  (the  size  depending  on  the  apparent  P2O5  equivalent) 
will  be  digested  by  a  wet  process  using  ternary  acid  to  dissolve  all  ingredients.   To 
this  sample  is  added  perchloric  acid  and  ammonium  molybdate.   Amino-naphthol - 
sulfonic  acid  is  then  added,  and  color  is  allowed  to  develop  for  10  minutes.   The 
optical  density  at  660  my  versus  a  reagent  blank  is  then  read,  using  a  Beckman  DU 
spectrophotometer.   Using  a  standard  curve,  the  percent  P  in  the  sample  can  be  cal- 
culated and  the  percent  P2O5  determined. 

To  analyze  for  ammonia,  samples  of  the  retardant  are  weighed  to  ±  0.1 
milligram,  placed  in  the  distillation  apparatus,  and  the  ammonia  boiled  off  and 
captured  in  a  boric  acid  solution.   The  solution  is  titrated  with  dilute  hydrochloric 
acid  of  a  known  molarity,  and  the  ammonia  is  calculated  and  the  percent  N  determined. 

The  P2O5  equivalent  salt  content  of  the  liquid  concentrate  shall  not  be  less  than 
30  percent.   After  a  sample  has  been  stored  for  1  year  as  specified  above  (3.1.1.), 
the  salt  content  shall  be  within  ±3  percent  of  that  determined  before  storage.. 
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31.58 

31.62 

31.62 

31.75 

30.00 

29.40 

9.90 

9.69 

9.45 

Performance:      Liquid  concentrates  of  Fire-Trol  931-L,  931-N,  and  931-P  were  ana- 
lyzed using  both  the  colorimetric  and  micro-Kjeldahl  methods  to  determine  their  P2O5 
and  N  content.   The  salt  content  of  the  Fire-Trol  931  formulations  and  the  methods  used 
for  analysis  are  given  below: 

931-L  931-N  931-P 

Percent  P2O5,  theoretical 
Percent  P2O5,  colorimetric 
Percent  N,  micro-Kjeldahl 

All  three  concentrate  formulations  meet  the  requirement  for  30  percent  P2O5  when 
determined  by  using  the  manufacturer's  theoretical  data.   When  analyzed  by  the 
colorimetric  method,  931-L  and  931-N  meet  the  requirement  but  931-P,  containing  29.40 
percent  P2O5  content,  falls  slightly  below  the  required  concentration.   This,  however, 
is  probably  not  significant  unless  the  retardant  combustion  effectiveness  (superiority 
factor)  falls  below  the  accepted  level. 

The  salt  content  of  Fire-Trol  931-P  as  a  function  of  dilution  rate  and  specific 
gravity  was  giver"  in  Section  3.1.2.  (specific  weight).   For  quality  control  purposes  in 
the  field  it  can  be  assumed,  as  discussed,  that  Fire-Trol  931-L  and  931-N  are  similar 
to  931-P  (in  other  words,  use  the  same  calibration  table  for  these  three  formulations) . 

When  checks  were  made  for  "salting  out"  of  931  formulations  stored  over  an  8  to 
18  month  period,  salt  concentration  had  not  changed. 


Separation  (3. 1.1 2.) 

Requirement:      Two  quarts  of  liquid  concentrate  will  be  mixed  to  the  manufacturer's 
recommended  proportions  and  placed  in  unsealed  (loosely  covered)  glass  quart  jars.   The 
concentrate  will  sit  undisturbed  for  1  year,  be  inspected  periodically,  and  the  separation 
of  components  measured  and  recorded.   Two  quarts  of  freshly  mixed  retardant  will  also 
be  placed  in  glass  jars  and  sit  undisturbed  for  4  hours.   The  separation  of  components 
will  be  measured  with  a  linear  scale  and  recorded  every  15  minutes.   Neither  the  liquid 
concentrate  nor  the  mixed  retardant  shall  display  any  visual  division  of  one  or  more 
components  (for  example,  the  thickening  agent,  coloring  agent,  etc.)  within  the  sample 
amounting  to  more  than  5  percent  by  volume. 

Performance:      Fire-Trol  931  APP  products  are  designed  to  be  diluted  to  different 
concentrations  on  demand;  therefore,  separation  tests  were  performed  using  several 
dilutions  of  the  three  concentrates:   Fire-Trol  931-L,  931-N,  and  931-P.   The  formula- 
tions were  tested  unthickened,  at  dilutions  of  2:1,  3:1,  4:1,  5:1,  6:1,  and  7:1.   The 
amount  of  separation  occurring  following  the  mixing  of  the  three  formulations  as  a 
function  of  time  is  shown  in  figures  10  through  16.   In  the  first  three  figures  (10,  11, 
12)  an  expanded  scale  is  used  to  show  the  amount  of  separation  prior  to  the  4  hour 
period--less  than  5  percent  separation  should  occur  at  that  point.   Actually,  all  three 
products  separate  to  a  greater  extent  than  allowed --depending  on  the  dilution. 

Figures  13,  14,  and  15  show  the  extent  of  separation  during  storage  up  to  40  days. 
In  general,  the  separation  rate  decreases  after  several  days  (approximately  4  days  for 
4:1  dilutions)  and  the  total  separation  is  from  40  to  60  percent  shortly  thereafter. 
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Figure  10. — Separation 
of  unthickened  Fire- 
Trol  931-L  as  a 
function  of  time 
after  mixing. 


Figure  1 1 . — Separation 
of  unthickened  Fire- 
Trol  931-N  as  a 
function  of  time 
after  mixing. 
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Figure  12. — Separation 
of  unthickened  Fire- 
^vol  931-P  as  a 
function  of  time 
after  mixing. 
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Figure  IS. — Long-term  separation  of  unthickened  Fire-Trol  931-L  as  a  function  of  time 
after  mixing. 
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Figure  14.  — Long-term  separation  of  unthickened  Fire-Trol  9S1-N  as  a  function  of  time 
after  mixing. 
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Figure  15. — Long-term  separation  of  unthickened  Fire-Trol  931-P  as  a  function  of  time 
after  mixing. 
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FIRE-TROL  931-L  4-1  plus  GUM  THICKENER 


GUM  CONCENTRATION 

PERCENT    BY   WEIGHT 

0.  0 


I.  3 


I.  5 


16  20  24 

TIME  AFTER  MIXING,   DAYS 


Figure  16. — Separation  of  gum-thickened  Fire-Trol  931-L  as  a  function  of  time  after 
mixing. 


Separation  occurring  at  various  time  intervals  for  the  several  formulations  is 
given  below: 

Percent  separation   (by  volume) 


lution 

:  Time  following 

rate 

mxxing 

4:1 

1  h 

11  4  h 

1  d 

7  d 

14  d 

Fire-Trol  931-L 

11 

25 
38 
48 
52 


Fire-Trol  931 -N 

10 
23 
32 
50 
51 


Fire-Trol  931-P 

3 

17 
39 
46 
46 


4:1 


4  h 

1  d 

7  d 

14  d 

30  d 


1.5  percent  gum-thickened  Fire-Trol  931-L 


0 

5 

16 

20 

30 


The  only  gum-thickened  formulation  evaluation  for  separation  was  Fire-Trol  931-L 
diluted  at  4 : 1  with  several  concentrations  of  gum  thickener.   At  all  gum  concentrations 
separation  occurred  gradually,  reaching  20  percent  after  2  weeks  and  approximately  30 
percent  after  1  month  (fig.  16).   It  is  interesting  to  note  that  separation  occurred 
to  a  greater  extent  than  would  be  expected  on  the  basis  of  the  solution's  viscosity 
(Viscosity  section  3.1.3.,  figures  3-6).   Therefore,  diluted  931-L,  with  or  without 
thickener,  does  not  fulfill  the  requirements  for  separation. 
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Required  performance  at  4  hours  is  <5  percent  separation  (by  volume) 
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Spoilage  (3. 1.1 3.) 

Requirements:      One  gallon  of  liquid  concentrate  will  be  placed  in  four  1-quart 
jars.   A  25  cc  specimen  from  a  culture  of  aerobacter  bacteria  will  be  added  to  two  of 
the  samples  without  stirring  or  agitation.   The  four  samples  will  be  stored  unsealed 
(loosely  covered)  under  ambient  conditions  at  75-85°  F.   The  samples  will  be  visually 
checked  and  the  viscosity  measured  at  weekly  intervals  for  a  3-month  period.   Separa- 
tion of  more  than  5  percent,  or  a  decrease  in  viscosity,  constitutes  spoilage.   Growth 
of  mold  or  an  unpleasant  odor  is  also  considered  spoilage. 

Performance:      Samples  of  unthickened  Fire-Trol  931-L,  931-N,  and  931-P  were  diluted 
at  3:1,  4:1,  5:1,  6:1,  and  7:1,  and  insulted  with  bacteria.   These  were  visually  in- 
spected for  growth  of  mold  and  rate  of  separation.   Because  of  the  naturally  occurring 
separation,  it  was  not  meaningful  to  determine  the  viscosity  weekly--since  this  would 
require  agitation  of  the  sample  and  the  insult  bacteria.   Fire-Trol  931-L,  931-N,  and 
931-P  took  about  1  1/2  months  before  spoilage  was  evident  to  an  extent  that  the  materi- 
als would  not  meet  the  requirements.   The  3:1  dilutions  of  Fire-Trol  931-N  were  the 
first  samples  to  show  mold  growth  and  give  off  a  pungent  odor. 

Samples  of  gum-thickened  Fire-Trol  931-L  were  similarly  insulted  with  a  bacteria. 
All  gum-thickened  samples  promoted  mold  growth,  with  an  increasing  separation  rate. 
Spoilage  began  at  irregular  initiation  periods,  as  early  as  3  days  after  being  insulted. 
The  initiation  period  for  spoilage  probably  depends  on  the  number  of  bacteria  in  the  in- 
sult, which  could  not  be  controlled,  as  well  as  many  other  factors.   Although  there  is  no 
specification  for  thickened  liquid  base  retardants,  operational  use  is  not  recommended 
for  a  material  having  these  spoilage  characteristics  and  thus  viscosity  degradation. 

The  San  Dimas  Equipment  Development  Center  tested  for  spoilage  (data  on  file  at 
the  Northern  Forest  Fire  Laboratory  and  San  Dimas  Equipment  Development  Center) ,  with 
Fire-Trol  931-N  and  931-P  concentrates  and  4:1  mixtures.   Both  solutions  of  each  formula 
supported  the  bacterial  culture,  as  evidenced  by  an  unpleasant  odor  and  mold  growth 
where  the  culture  v.as  at  the  surface  of  the  liquid.   However,  the  culture  did  not  degrade 
either  the  concentrate  or   the  "mixed  retardant." 


Pumpability(3.1.14.) 

Requirements:      For  retardants  with  non-Newtonian  flow  characteristics,  an  electric 
pump  (flow  model  Mac  X-3,  220  volt,  3  phase,  3/4  horsepower,  2,580-3,450  r/min)  with  a 
1-inch  inlet  and  outlet  and  a  cast  iron  impeller  will  be  used.   The  pump  will  be  run  at 
3,400  r/min  to  transfer  liquid  concentrate  from  a  holding  tank  to  a  weighing  tank. 
Standard  procedures  will  be  used  to  monitor  the  pump  r/min  and  the  weight  of  retardant 
in  the  weighing  tank.   These  procedures  will  be  performed  five  times  for  each  different 
sample.   The  rate  of  weight  increase  and  the  specific  weight  of  the  retardant  will  be 
used  to  determine  the  flow  rate  in  gallons  per  minute.   A  minimum  flow  rate  of  12  gal/ 
min  must  be  obtained. 

For  retardants  with  Newtonian  flow  characteristics,  the  kinematic  viscosity  for 
the  material  will  be  computed  using  density  and  viscosity: 

viscosity  (cP) 

-; r— — =   centistokes 

density  /  g  \ 

(cm3/ 
The  retardant  shall  not  exceed  1,800  centistokes. 
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Performance:     The  tests,  performed  by  the  San  Dimas  Equipment  Development  Center 
(Pickett  1975),  showed  that  Fire-Trol  931-L  concentrate  meets  performance  requirements 
(data  on  file  at  San  Dimas  Equipment  Development  Center  and  Northern  Forest  Fire  Labora- 
tory) .   Because  some  components  separated,  two  separate  centistoke  tests  were  conducted. 
Material  from  the  bottom  of  the  barrel  was  calculated  at  3,015  and  3,103  centistokes, 
and  material  from  the  top  of  the  barrel  at  1,055  centistokes.   (The  maximum  acceptable 
level  is  1,800.) 

On  four  test  runs  the  931-L  concentrate  was  pumped  in  excess  of  12  gal/min  (the 
minimum  allowable)  and  in  one  test  at  9.5  gal/min.   The  average,  13.4  gal/min,  was 
considered  acceptable.   It  was  noted  during  the  tests  that  the  pump  could  not  be  primed 
with  the  Fire-Trol  931-L  concentrate. 

In  pumpability  tests  Fire-Trol  931-N  had  an  average  flow  rate  of  9.1  gal/min  and 
a  maximum  of  10.3  gal/min,  both  below  the  required  12  gal/min.   Therefore,  pumpability 
of  the  retardant  is  unacceptable. 

Fire-Trol  931-P  could  not  be  pumped  because  of  crystals  formed  when  the  concentrate 
salted  out.   (The  retardant  had  a  0.6  percent  decrease  in  salt  content  because  of  the 
"salting  out."')   SDEDC  recommends  disqualifying  931-P  because  of  the  possible  serious 
abrasion  to  pumps  or  other  hardware  used  at  air  tanker  bases. 


Air  Drop  Characteristics  (3.1 .1 5.) 

Requirements:      For  aircraft-applied-type  retardant  the  liquid  concentrate  will  be 
mixed  at  the  manufacturer's  recommended  level  and  dropped  from  a  TBM-type  air  tanker. 
The  air  tanker  will  have  a  tank  and  gating  system  with  two  gates,  each  being  9  by 
136  inches.  Aircraft  speeds  will  be  held  at  105-115  knots,  temperature  60-90°  F, 
relative  humidity  20-60  percent,  and  <5  mi/h  wind.   For  a  load  of  600  gallons  dropped 
from  200  (±20)  feet  and  with  a  wind  of  5  mi/h  or  less: 

1.  60  percent  (400  gallons)  or  more  of  the  retardant  shall  fall  within  the 
total  pattern  area. 

2.  The  area  covered  by  >2  gal/100  ft2  must  be  >4,000  ft2. 

3.  The  2  gallons  per  100-ft2  area  must  have  a  continuous  length  of  >150  ft. 

Performance:      Because  the  drop  performance  of  unthickened  Fire-Trol  931-D  had 
previously  been  quantified  under  the  conditions  that  are  specified  for  this  evaluation, 
and  because  insignificant  differences  exist  in  the  drop  characteristics  of  Fire-Trol 
931-D  and  other  similarly  formulated  Fire-Trol  931  products  (containing  10-34-0, 
attapulgite  clay,  coloring,  and  corrosion  inhibitors,  and  diluted  4:1;  i.e.,  Fire-Trol 
931-L,  931-N,  931-P),  the  performance  data  were  taken  from  previous  drop  tests  at 
Porterville,  California.  These  tests  were  reported  in  "An  evaluation  of  the  drop 
characteristics  and  ground  distribution  patterns  of  forest  fire  retardant"  (George  and 
Blakely  1973). 

In  that  analysis,  performance  models  were  developed  based  on  the  actual  drop  data, 
which  predicted  retardant  recovery  and  area  of  coverage  by  concentration  class.   Fire- 
line  length  at  the  2  gal/100  ft2  coverage  level  was  given  for  each  drop.   Utilizing 
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these  data,  the  performance  of  Fire-Trol  931-D  at  the  conditions  specified  under  re- 
quirements is  given  below: 

Requirement  Performance  of  Fire-Trol  931-D 

Recovery:   60  percent  of  total  load  or  550  gal  at  0  mi/h  wind 

400  gal  427  gal  at  5  mi/h  wind 

Area  of  coverage  at  >2  gal/100  ft2  9,264  ft2  at  0  mi/h  wind 

>4,000  ft2  4,802  ft2  at  5  mi/h  wind 

Length  of  fireline  >_2   gal/100  ft2  ^208  ft12 

>150  ft 

Note  that  the  predictions  for  water  dropped  under  the  same  conditions  also  meet 
all  the  requirements  listed  above. 

In  late  1973,  gum-thickened  and  petrolite-thickened  Fire-Trol  931-L  were  submitted 
to  the  Forest  Service  (NFFL)  for  evaluation.   In  January  1974,  cooperative  agreements 
were  made  between  the  USDA  Forest  Service  (Northern  Forest  Fire  Laboratory)  and 
Chemonics  Industries  to  perform  laboratory  tests  and  actual  drop  tests  with  the  two 
formulations.   This  study  was  initiated  in  February  1974,  at  Marana,  Arizona.   A  B-17 
was  selected  as  the  test  aircraft  rather  than  the  TBM  as  specified  in  the  requirements 
for  two  reasons: 

1.  The  TBM  was  dropped  from  operational  use  as  an  approved  air  tanker  in  1974. 

2.  Previous  tests,  investigating  the  effect  of  retardant  rheological  properties 
on  drop  characteristics,  had  been  conducted  using  the  B-17  (Intermountain  B-17,  No.  71) 
and  provided  a  data  base  for  these  tests--thus  reducing  the  number  of  required  drops. 

During  these  tests,  44  drops  of  466  gallons  each  (1  compartment)  were  made  and  the 
ground  distribution  patterns  analyzed.13 

Preliminary  analysis  of  these  data  has  been  completed  and  the  following  conclusions 
drawn : 

1.  The  drop  performance  of  the  unthickened  Fire-Trol  931-L  is  vastly  improved  by 
the  addition  of  the  gum-thickening  agent  or  the  Petrolite  inverter.   The  gum-thickened 
retardant,  however,  is  superior  to  the  Petrolite  emulsion  and  has  the  advantage  that 
the  concentration  of  the  gum  can  be  controlled  to  allow  selection  of  a  much  wider  range 
of  retardant  rheological  properties. 

2.  The  optimum  viscosity  of  the  gum-thickened  retardant  appears  to  be  near  2,000 
centipoise.  At  higher  viscosities  (3,000  cP)  the  areas  of  coverage  tended  to  be  re- 
duced (especially  at  the  lower  drop  heights) .   At  higher  drop  heights  (greater  than 
300  ft)  and  coverage  levels  (3  or  4  gal/100  ft2),  however,  there  may  be  advantages  for 
APP  solutions  having  viscosities  near  3,000  centipoise. 


12  Determined  as  an  average  of  all  drops  from  200  ft  or  less  and  with  <5  mi/h  winds 
(total  number  of  drops  =  10,  Sd  =  25  ft,  Sm  =  8  ft). 

13  George,  C.  W.   1974.  Evaluation  of  the  drop  characteristics  of  two  thickened 
liquid  concentrate  fire  retardant  systems,  INT  Study  Plan  2107-17G,  Intermt.  For.  and 
Range  Exp.  Stn.,  Ogden,  Utah. 
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The  differences  between  unthickened  and  gum-thickened  retardant  and  also  the  effects 
of  the  gum-thickened  retardant  viscosity  can  be  determined  by  comparing  the  areas 
of  _>2  gal/100  ft2  coverage  in  figure  17.  Similar  conclusions  can  be  drawn  from  other 
ground  distribution  pattern  parameters  (such  as  retardant  recovery  and  fireline 
lengths  —  figure  18). 

Further  analysis  will  be  required  to  correlate  levels  of  performance  using  the 
B-17  as  a  delivery  platform,  with  the  requirements  specified  using  the  TBM.   It  can  be 
assumed,  however,  that  the  gum-thickened  and  Petrol ite-thickened  retardants  greatly 
exceed  the  performance  levels  required  (based  on  performance  comparisons  between  un- 
thickened Fire-Trol  931-L  and  other  retardants  dropped  from  TBM  and  B-17  air  tankers). 

*2  GPC  COVERAGE  VS  DROP  HEIGHT 


200 
DROP  HEIGHT    (Feet) 


Figure  17. — Comparison  of  the  area  of  coverage  at  2  gal/100  ft2  for  drops  of  several 
viscosities  of  gum-thickened  Fire-Trol  931-L,   unthickened  Fire-Trol  931-L, 
Fire-Trol  100 ,   and  Phos-Chek  XA,   as  a  function  of  drop  height. 


2  GPC  LINE  LENGTH  VS  DROP  HEIGHT 


DROP    HEIGHT  'FEET) 


Figure  18. — Comparison  of  the  length  of  fireline  >2  gal/100  ft2  for  drops  of  several 
viscosities  of  gum-thickened  Fire-Trol  931-L,   unthickened  Fire-Trol  931-L, 
Five-Trol   100,   and  Phos-Cl*ek  XA,   as  a  function  of  drop  height. 
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DISCUSSION 


Several  Fire-Trol  931  APP  formulations  (appendix  A)  were  submitted  for  screening 
and  testing  by  Chemonics  Industries.   Although  preliminary  tests  have  been  performed 
on  a  number  of  these  formulations,  primary  emphasis  in  this  report  has  been  placed  on 
the  performance  of  Fire-Trol  931-L,  931-N,  and  931-P,  gum-thickened  solutions  of  Fire- 
Trol  931,  and  Petrolite  emulsions  of  Fire-Trol  931.   A  number  of  dilutions  of  each  of 
the  concentrations  were  tested  because  of  the  flexibility  to  tailor  the  retardant  solu- 
tion to  specific  needs  —  independent  selection  of  salt  content  and  viscosity.   The  series 
of  tests  were  conducted  as  closely  as  possible  to  procedures  outlined  in  USDA  Interim 
Specifications  5100-00301  and  5100-00302a.   The  formulations  discussed  were  primarily 
designed  for  air  application  and  were  evaluated  accordingly. 

It  has  been  stated  and  emphasized  in  this  report  that  there  is  no  current  specifi- 
cation for  thickened  liquid-type  fire  retardants  and  that  some  of  the  requirements  may 
not  be  totally  appropriate.   All  of  the  specified  tests  were  conducted,  plus  several 
additional  tests;  however,  a  number  of  test  procedures  required  modification  to  suit 
specific  situations  which  were  primarily  dictated  by  the  characteristics  of  the  indi- 
vidual f ormu 1 at  i  on  s . 

Three  general  areas  warrant  discussion  beyond  that  given  in  the  specific  test  sec- 
tions: corrosion,  stability  of  the  mixed  retardant,  and  retardant  drop  characteristics. 

Corrosion.      Fire-Trol  931-L,  931-N,  and  931-P  formulations,  when  mixed  for  use 
within  the  dilution  rates  tested,  met  the  performance  required  in  the  specifications 
(<1  mil/yr  on  A1-2024-T3)  for  uniform  corrosion.   However,  Forest  Service  specifica- 
tions do  not  require  inhibition  of  corrosion  to  common  alloys  other  than  aluminum 
2024-T3  and  do  not  consider  type  of  corrosion  other  than  uniform  corrosion,  intergran- 
ular  corrosion,  and  pitting  tendency  (for  example,  types  of  corrosion  such  as  crevice, 
galvanic,  and  fatigue  corrosion  are  not  considered). 

A  summary  of  field  surveys  and  laboratory  studies  conducted  by  Ocean  City  Research 
Corporation  (OCRC)  (Gehring  1974)  indicates  that  corrosion  performance  requirements 
should  be  broadened  to  include  several  other  alloys,  additional  types  of  corrosion, 
and  specific  corrosion  tests  which  will  better  evaluate  corrosion  effects.   In  specific 
tests  quantifying  the  corrosiveness  of  Fire-Trol  931-L,  OCRC  came  to  several  conclusions 
(appendix  B) : 

1.  Fire-Trol  931-L  is  only  mildly  corrosive  to  aluminum  alloys  (=1  mil/yr  by 
alternate  immersion  tests) . 

2.  Fire-Trol  931-L  is  severely  corrosive  to  magnesium  and  zinc  alloys.   Fire-Trol 
931-L  corrodes  zinc,  magnesium,  and  galvanized  steel  at  significant  rates  (>5  mils/yr 
by  alternate  immersion  tests).   Thus,  contact  of  galvanized  control  cables  or  magnesium 
alloys  with  Fire-Trol  931-L  should  be  avoided. 

3.  The  corrosion  inhibitor  system  in  Fire-Trol  931-L  does  not  completely  eliminate 
susceptibility  to  stress  corrosion. 

4.  The  corrosivity  of  Fire-Trol  931-L  can  be  significantly  reduced  by  the  use 
of  additional  inhibitors. 
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Several  other  conclusions  regarding  other  formulations  or  basic  liquid  systems 
are  of  interest. 

1.  Fire-Trol  931-D  (sodium  dichromate  inhibitor)  corrodes  2024-T3  aluminum,  zinc, 
and  magnesium  at  significant  rates  (>5  mils/yr  by  total  immersion  tests) . 

2.  Uninhibited  ammonium  polyphosphate  (8.3  percent  P2O5  equivalent)  should  never 
be  used  as  a  fire  retardant  without  effective  corrosion  inhibitor  additives. 

3.  Galvanic  corrosion  can  occur  at  significant  rates  (^3  mils/yr)  with  the  use  of 
all  inhibited  formulations. 

4.  Pyro  (11-37-0)  causes  severe  corrosion  on  almost  all  alloys  (except  stainless 
steel).   Pyro  should  never  be  used  without  corrosion  inhibitor  additives  or  coatings. 

Although  the  sodium  ferrocyanide  corrosion  inhibitor  in  Fire-Trol  931-L,  931-N, 
and  931-P  very  significantly  reduced  the  corrosion  rate  of  exposed  A1-2024-T3  as 
compared  to  the  sodium  dichromate  contained  in  Fire-Trol  931-D,  the  sodium  ferrocyanide 
may  have  undesirable  staining  effects.   The  sodium  ferrocyanide  provides  corrosion 
protection  by  building  up  a  heavy  blue  coating  on  the  metal  surface.   The  degree  of 
bluing  depends  on  the  type  of  metal,  its  surface  characteristics,  etc.   This  coloring 
can  be  quite  difficult  to  remove.   Staining  of  other  surfaces  such  as  concrete  ramps, 
etc.,  can  be  expected.14  This  coloring  may  or  may  not  be  a  problem  depending  on 
specific  situations. 

Solution  Stability.      There  has  been  considerable  discussion  concerning  the 
requirements  for  stability  of  mixed  retardant,  especially  a  demand-mixed  Fire-Trol 
931-L.   The  storage  requirement  for  an  unthickened  mixed  retardant  is  a  4-hour  stability 
period  (separation  <5  percent  at  the  end  of  4  hours) ,  while  for  a  thickened  mixed 
retardant  the  solution  must  maintain  stability  for  a  1-year  period.   Unthickened 
Fire-Trol  931  products  separate  to  about  50  percent  in  less  than  4  days  depending 
on  conditions  (10-25  percent  in  4  hours) .   As  formulated  with  the  attapulgite  clay 
and  iron  oxide,  it  is  likely  that  significant  changes  in  the  formulation  would  be 
required  to  meet  present  specifications. 

The  gum-thickened  Fire-Trol  931  formulations,  although  their  stability  is  greatly 
improved  over  the  unthickened  formulations,  still  undergo  significant  change  following 
mixing  (in  terms  of  both  viscosity  and.  separation).   A  possible  way  these  formulations 
might  be  formulated  to  circumvent  this  problem  is  by  including  the  coloring  agent  in  the 
gum  thickener  and  removal  of  the  clay  from  the  liquid  APP  solution  entirely  (since  its 
only  purpose  is  to  stabilize  or  hold  the  color  in  suspension) .   A  related  problem, 
however,  primarily  dependent  on  the  quality  and  control  of  the  gum  and  APP  character- 
istics, is  the  sensitivity  of  the  various  ingredients.   Data  presented  in  the  sections 
on  Viscosity  (3.1.3.)  indicate  that  the  quality  of  the  gum  (storage  time  is  a 
consideration  as  well  as  gum  separation  since  the  gum  settles  within  the  carrier)  and 
the  salt  content  of  the  retardant  (mixing  rates)  greatly  influence  the  resulting 
viscosity  and  solution  stability.   Only  with  very  precise  control  of  these  variables 
(including  adequate  circulation  of  both  the  liquid  gum  and  the  APP  solution)  can  the 
properties  of  the  end  product  be  controlled  (resulting  in  a  mixed  retardant  with 
tailored  properties) .   The  experiences  at  the  Boise  Air  Attack  base  with  the  gum- 
thickened  Fire-Trol  931-P  system  have  verified  the  preceding  statements.   To  date  the 
hardware  and  formulations  have  not  demonstrated  that  control  of  retardant  properties 
has  been  achieved  to  the  necessary  degree  (salt  content  ±10  percent,  and  viscosity  ±200 
centipoise) . 


1 ''Sodium  carbonate  (baking  soda)  has  been  used  to  effectively  clean  stained 
concrete  pads.   From  communication  with  Kathy  Lacey  of  Chemonics  Industries. 
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If  retardants  were  delivered  immediately  after  being  loaded  into  the  aircraft, 
there  would  be  little  if  any  problem  with  separation.   However,  in  actuality,  this 
does  not  always  occur.   A  survey  of  air  tankers  in  six  different  Forest  Service  Regions 
(August  1974)  indicated  59  percent  of  the  73  aircraft  surveyed  at  47  bases  always  sit 
loaded,  43  percent  sit  loaded  occasionally,  and  only  5  percent  never  sit  loaded.   It 
is  questionable  whether  sitting  loaded  should  be  required  in  any  case;  however  it  is  a 
current  practice  and  occurs  very  frequently  during  periods  of  high  fire  danger. 


The  type  of  exposure  prevalent  to  air  tankers  in  the  field  indicates  corrosion 
and  retardant  solution  requirements  are  important.   As  earlier  discussed,  25-50  percent 
separation  can  occur  in  a  matter  of  hours  or  days.   If  this  separation  exists  at  the 
time  a  drop  is  made,  it  is  predicted  that  50  percent  or  greater  of  the  effective  portion 
of  the  drop  will  be  uncolored.   This  presents  definite  problems  where  tactics  require 
multiple  drops  be  tied  together  (from  more  than  one  aircraft  or  multiple  drop  incre- 
ments from  the  same  aircraft) .   Figure  19  shows  the  predicted  drop  pattern  from  an 
entire  drop  and  from  portions  of  the  drop,  with  and  without  color.   These  predictions 
are  based  on  the  flow  rate  for  a  500-gallon  drop  from  a  B-17  using  the  flow  rate- 
ground  distribution  model  developed  by  Honeywell  (Swanson  and  Helvig  1973).   Thus,  it 
would  be  highly  desirable  to  have  a  stable  retardant  solution  with  the  color  uniformly 
distributed  throughout.   Similarly,  based  on  current  practices,  it  is  desirable  and 
not  unreasonable  to  have  retardant  solutions  that  maintain  stability  (color  and 
viscosity)  after  being  mixed,  for  a  period  of  at  least  2  weeks  and  preferably  a  month. 
Air  tankers  occasionally  sitting  loaded,  if  not  the  intention  or  a  legitimate  require- 
ment, will  likely  always  be  a  reality. 


Figure  19. — The  effect  of 
retardant  color  separa- 
tion as  shown  by  pre- 
dictions of  the  ground 
distribution  patterns 
and  color  distribution 
of  500  gallons  of 
retardant  dropped 
from  a  B-17. 
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Retardant  Drop  Characteristics.      Present  specifications  contain  drop  requirements 
which  can  be  satisfied  by  water  containing  no  additives.   Early  specifications 
recognized  that  the  drop  characteristics  of  retardants  were  important  considerations 
in  product  qualification.   However,  practical  standards  had  not  been  identified 
because  thorough  studies  quantifying  these  parameters  had  not  been  conducted  (a  number 
of  rather  qualitative  studies  had  been  undertaken) .   Since  these  specifications  were 
first  prepared  (1969)  a  number  of  drop  studies  have  been  conducted  and  practical 
requirements  are  now  possible. 

The  drop  data  as  outlined  in  Section  3.1.15.  (Air  Drop  Characteristics)  well 
illustrate  differences  in  deliverability  that  result  from  varying  retardant  physical- 
chemical  or  rheological  properties.  Extreme  differences  in  retardant  deformation, 
breakup,  and  resulting  ground  distribution  patterns  exist  between  the  unthickened 
Fire-Trol  931  and  the  gum-thickened  Tire-Trol  931  (fig.  17  and  18).   The  effects  of 
wind,  aircraft  speed,  crop  height,  retardant  flow  rate,  and  load  size  are  much  less 
pronounced  on  the  gum-thickened  retardant  than  on  the  unthickened  retardant.   An 
explanation  of  these  phenomena  is  probably  best  given  by  Andersen  and  others  (1974a) . 

Thus,  the  use  of  gum-thickened  retardants,  tailored  to  specific  drop  and  fire 
situations,  can  allow  effective  drops  to  be  made  from  higher  and  safer  drop  heights 
(fig.  20) 15  than  considered  before.   Of  course,  there  are  trade-offs  between  accuracy 
and  drop  height  which  are  affected  by  the  wind  conditions  and  type  of  attack  (direct  and 
indirect),  but  limitations  will  likely  be  determined  through  experience  and  will  be 
subject  to  human  abilities. 
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Figure  20. — The  effect  of  type  of  retardant  and  drop  height  on  the  percent  of  total 
retardant  reaching  the  ground. 


15  Review  of  over  50  air  tanker  accidents  reported  to  the  National  Transportation 
Safety  Board  during  the  period  1964  to  1974  indicates  55  percent  of  the  fatalities 
(a  total  of  31  fatalities  during  this  11-year  period)  occurred  from  accidents  during 
drop  maneuvers.   "Improving  aerial  delivery  of  chemicals  through  research"  paper  pre- 
sented by  C.  W.  George,  10-24-74,  at  the  California-Nevada  Forest  Fire  Council. 
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RECOMMENDATIONS 


Based  on  the  results  of  this  evaluation  and  other  studies  being  conducted  in  the 
area  of  retardant  research,  several  recommendations  regarding  the  use  and  formulation 
of  Fire-Trol  931  APP  have  been  made: 

1.  The  Fire-Trol  liquid  ammonium  polyphosphate  fire  retardants  tested  here  do 
not  meet  all  the  specification  requirements  and  therefore  should  not  be  used  operation- 
ally in  their  present  forms. 

2.  Emphasis  should  be  placed  on  developing  corrosion  inhibitor  systems  for  Fire- 
Trol  931  APP  solutions  which  will  provide  corrosion  protection  for  those  alloys 
frequently  encountered  in  addition  to  aluminum  2024-T3  and  for  types  of  corrosion 
encountered  other  than  uniform  and  intergranular  . 

3.  Research  and  development  should  be  undertaken  to  improve  retardant  solution 
stability  (viscosity  and  separation) — this  may  include  a  substitute  for  attapulgite 
clay  in  the  liquid  concentrate. 

4.  Gum-type  thickening  agents  should  be  developed  which  are  stable  in  storage 
(not  requiring  frequent  circulation)  and  relatively  insensitive  to  the  type  of  APP 
solution,  salt  concentration,  pH,  water  temperature,  etc. ,  or  are  otherwise  adequately 
controllable. 

5.  Only  those  basic  types  of  ammonium  polyphosphate  (10-34-0)  solutions  which 
have  similar  properties  should  be  used.   Use  of  various  APP  solutions  resulting  in 
different  physical-chemical  characteristics  (corrosion,  viscosity,  etc.)  can  be  adjusted 
for  operationally  only  with  considerable  effort  and  supportive  calibration  data. 

6.  Mixing  and  handling  hardware  should  be  developed  which  will  allow  precise 
selections  of  the  final  retardant  properties  (viscosity,  salt  content,  color)  within 
a  broad  range. 
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COMPOSITION  OF  FIRE-TROL  APP  FORMULATIONS 
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COMPOSITION  OF  FIRE-TROL  AMMONIUM  POLYPHOSPHATE  PRODUCTS 


Product 
Identification 


Composition 


Percent  in 
Concentrate 


Fire-Trol  934 


Allied  10-34-0 
Sodium  Dichromate 
Surfactant 


96.2 


Fire-Trol  930 


Allied  10-34-0 
Sodium  Dichromate 


98.5 


Fire-Trol  931-A 


Fire-Trol  931-B 


Fire-Trol  931-C 


Fire-Trol  931-D 


Allied  10-34-0 
Attapulgite  Clay 
Fe2_03 


94.1 


MgCl, 


6H20 


Allied  10-34-0 

Attapulgite  Clay 

Fe203 

Allied  Inhibitor 

Allied  10-34-0 

Attapulgite  Clay 

Fe203 

Sodium  Dichromate 

Allied  10-34-0 
Attapulgite  Clay 
Fe  03 
Sodium  Dichromate 


93.5 


93.5 


Fire-Trol  931-E 


Fire-Trol  931-F 


Cominco  10-34-0 

Attapulgite  Clay 

Fe203 

Sodium  Dichromate 

Stauffer  10-34-0 

Attapulgite  Clay 

Fe203 

Sodium  Dichromate 


92.5 


93.5 


Fire-Trol  931-G 


TVA  10-34-0 

Attapulgite  Clay 

Fe203 

Sodium  Thiosulfate 

Sodium  Molybdate 

2-mercaptobenzothiazole 


93.5 
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Fire-Trol  931-J 


Fire-Trol  931-K 


Allied  10-34-0 

Attapulgite  Clay 

Fe2C>3 

Sodium  Thiosulfate 

Sodium  Molybdate 

2-mercaptobenzothiazole 

Cominco  10-34-0 

Attapulgite  Clay 

Fe203 

Sodium  Thiosulfate 

Sodium  Molybdate 

2-mercaptobenzothiazole 


92.8 


92.8 


Fire-Trol  931-L 


Fire-Trol  934-L 


Allied  10-34-0 

Attapulgite  Clay 

Fe203 

Dye 

Sodium  Ferrocyanide1 

Allied  10-34-0 
Sodium  Ferrocyanide 


92.9 


98.5 


Fire-Trol  931-M 


Stauffer  10-34-0 
Attapulgite  Clay 


93.0 


Fe203 

Dye 

Sodium  Ferrocyanide 

Fire-Trol  931-N 

Cominco  10-34-0 

Attapulgite  Clay 

Fe2C>3 

Dye 

Sodium  Ferrocyanide 

Fire-Trol  931-P 

Simplot  10-34-0 

Attapulgite  Clay 

Fe203 

Dye 

Sodium  Ferrocyanide 

Gum- thickened 

931-L  formulation 

Fire-Trol  931 

Gum- thickener 

Invert  emulsion 

931-L  formulation 

thickened 

Petrolite  invert 

Fire-Trol  931 

emulsif ier 

93.0 


93.0 


97.5-99.0 


95-97 


Patent  pending  for  use  in  Ammonium  Polyphosphate  Fire  Retardant. 
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APPENDIX  D 


RESULTS,  CONCLUSIONS,  AND  RECOMMENDATIONS 


From 

Investigation  of  Retardant  Caused  Corrosion 
Final  Report 
Ocean  City  Research  Corporation 
USDA  Forest  Service  Contract  #26-3250,  1974 
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I .   ABSTRACT 

A  program  was  undertaken  to  assess  the  severity  of  fire  retardant 
caused  corrosion  on  air  tankers  and  mixing  plants.   A  representative 
number  of  air  tankers  and  mixing  plants  were  inspected  and  comprehensive 
laboratory  tests  were  conducted  to  identify  and  quantify  the  extent  of 
different  types  of  corrosion.   In  the  laboratory  tests,  five  fire 
retardants  and  ten  alloys  were  investigated.  The  laboratory  tests 
also  included  evaluation  of  ten  protective  coatings  for  use  as 
maintenance  coatings  and  evaluation  of  different  chemicals  for  use  as 
corrosion  inhibitors  in  retardant  solutions.  The  results  of  the 
investigation  are  presented  with  recommendations  for  control  of 
fire  retardant  corrosion. 

II.   CONCLUSIONS 

A.  The  aerial  fire  retardants  currently  used  to  suppress  forest 
fires  corrode  aircraft  and  ground  mixing  equipment . 

B.  Corrosion  of  aircraft  and  ground  mixing  equipment  continues  to 
create  maintenance  problems. 

C.  The  corrosivity  of  fire  retardants  is  not  consistent;  corrosion 
rates  vary  for  each  alloy  depending  on  the  particular  retardant 
formulation. 

D.  Phos-Chek  XA,  Fire-Trol  100,  and  Phos-Chek  259  are  relatively 
non-corrosive  to  aluminum  alloys  (-.1  mil/yr  by  alternate  immersion 
test) . 

E.  Fire-Trol  931-L  is  only  mildly  corrosive  to  aluminum  alloys 
(=1  mil/yr  by  alternate  immersion  test) . 

F.  Fire-Trol  931-D  corrodes  2024-T3  aluminum,  zinc,  and  magnesium  at 
significant  rates  (>5  mil/yr  by  total  immersion  test) . 

G.  Fire-Trol  931-L  corrodes  zinc  and  magnesium  at  significant  rates 
(>5  mil/yr  by  alternate  immersion  test) . 

H.    In  laboratory  tests,  Fire-Trol  100  corrodes  brass  and  magnesium 

at  significant  rates  (>3  mil/yr  by  alternate  immersion  test) .   Field 
surveys  also  showed  that  Fire-Trol  100  corrodes  steel  significantly 
which  is  contrary  to  the  results  of  laboratory  tests. 

I.    Phos-Chek  259  corrodes  brass  and  zinc  at  significant  rates 
(>5  mil/yr  by  alternate  immersion  test) . 

J.   Overall,  Phos-Chek  XA  is  the  least  corrosive  of  the  fire  retardants. 
It  does  not  cause  significant  corrosion  on  any  of  the  alloys  commonly 
found  on  air  tankers  or  in  ground  mixing  plants. 

K.   Almost  all  alloys  will  corrode  excessively  in  uninhibited 

diammonium  phosphate  (15.0  percent  solution,  by  weight),  uninhibited 
ammonium  sulfate  (15.0  percent  solution,  by  weight),  and  uninhibited 
ammonium  polyphosphate  (8.3  percent  solution,  P2O5  equivalent  by  weight) 
These  chemicals  should  never  be  used  as  fire  retardants  without 
effective  corrosion  inhibitor  additives. 
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L.   Alternate  immersion  conditions  are  significantly  more  corrosive 
to  naval  brass  than  total  immersion  conditions. 

M.   Stainless  steel  alloys  are  virtually  immune  to  general  corrosion 
caused  by  fire  retardants. 

N.   Galvanic  corrosion  can  occur  at  significant  rates  (3  mil/yr)  even 
with  the  use  of  corrosion-inhibited  retardants. 

0.   The  addition  of  corrosion  inhibitors  to  retardant  formulas  can 
effectively  reduce  corrosion. 

P.   Fire  retardants  without  corrosion  inhibitors  are  conducive  to 
both  stress  corrosion  and  corrosion  fatigue.  The  corrosion 
inhibited  formulations  currently  in  use  do  not  completely  eliminate 
susceptibility  to  stress  corrosion. 

Q.   The  corrosivity  of  fire  retardants  can  be  significantly  reduced 
by  the  use  of  additional  inhibitors.   Further  work  as  follows  is 
required  to  identify  the  most  effective  inhibitors: 

1.  Inhibitor  duration  tests 

2.  Stress  corrosion  cracking  tests 

3.  Corrosion  rate  versus  inhibitor  concentration  tests 

4.  Corrosion  rate  versus  dilution  tests 

5.  Corrosion  fatigue  tests 

6.  Inhibitor  combination  tests 

R.   Fire  retardants  rapidly  deteriorate  many  of  the  common  maintenance 
coatings.   Certain  epoxy-base  coatings  will  provide  adequate  pro- 
tection as  maintenance  coatings. 

S.   The  current  interim  USFS  specification  is  realistic  in  limiting 

the  maximum  allowable  corrosion  rate  of  1  mil/yr  on  2024-T3  aluminum. 
However,  the  specification  should  be  expanded  to  include  other 
alloys,  and  other  types  of  corrosion  test.  Also,  the  test 
procedure  should  be  modified  to  account  for  corrosion  rate  -  time 
effects  and  differences  that  might  occur  under  conditions  of 
alternate  immersion. 

III.   RECOMMENDATIONS  TO  CONTROL  FIRE  RETARDANT  CORROSION 

A.  Uninhibited  fire  retardants  are  quite  corrosive  to  almost  all 
alloys.   Use  only  those  retardant  formulations  containing  effective 
corrosion  inhibitor  additives. 

B.  Pyro  causes  severe  corrosion  on  almost  all  alloys  (except  stainless 
steels) .   Pyro  should  never  be  used  as  a  fire  retardant  without 
corrosion  inhibitor  additives. 

C.  Most  of  the  inhibited  fire  retardant  now  used  across  the  country 
corrode  aluminum  alloys  at  an  insignificant  rate.   However,  other 
alloys  commonly  used  on  air  tankers  are  susceptible  to  appreciable 
corrosion  caused  by  exposure  to  fire  retardant.   Therefore, 
continuing  preventative  maintenance  is  required  to  control  corrosion. 
Normal  maintenance  procedures  as  established  by  the  Federal  Aviation 
Administration  (Advisory  Circular  No.  43-4  dated  5-15-73)  should 

be  followed. 
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Fire  retardants  are  conducive  to  galvanic  corrosion.   Where  possible, 
avoid  the  following  galvanic  couples: 

1.  Aluminum  alloys  coupled  to  either  copper-base  alloys  or 
stainless  steel  alloys. 

2.  Carbon  or  low  alloy  steels  coupled  to  either  copper-base 
alloys  or  stainless  steel  alloys. 

3.  Galvanized  steel  coupled  to  aluminum,  steel,  copper  or 
stainless  steel  alloys. 

Fire  retardants  corrode  mild  steel  alloys  sufficient  to  cause 
seizing  of  threaded  fasteners,  hinges,  etc.   Where  seizing  is  a 
problem,  substitute  an  austenitic  Type  304  stainless  steel. 

Fire-Trol  100  and  Fire-Trol  931-L  are  severely  corrosive  to 
magnesium  alloys.   In  general,  avoid  the  use  of  magnesium  alloys 
on  air  tankers,  take  particular  care  to  prevent  either  of  the 
above-mentioned  retardants  from  contacting  magnesium  alloys  for 
any  appreciable  time. 

Fire-Trol  931-L  is  corrosive  to  galvanized  steel.   On  air  tankers, 
do  not  allow  Fire-Trol  931-L  to  contact  galvanized  control  cables 
for  any  appreciable  period  of  time. 

Vapors  given  off  by  some  of  the  aerial  fire  retardants  appear  to 

be  significantly  corrosive.  Avoid  entrapment  of  fire  retardant 

vapor  in  air  tankers  and  storage  tanks  by  providing  proper  ventilation, 

Fire  retardants  rapidly  degrade  most  organic  maintenance  coatings. 
In  mixing  plant  service,  use  amine-cured  epoxy  coatings  for  general 
exterior  maintenance.   For  coating  the  interior  of  steel  storage 
tanks,  use  a  high  build  coal  tar  epoxy  coating. 


IV.   RECOMMENDATIONS  FOR  FOREST  SERVICE  ACTION 
Initiate  further  studies  in  the  following  areas: 

1.  Corrosion  Inhibitors 

2.  Vapor  Zone  Corrosion 

3.  Corrosivity  Variation  of  Liquid  Ammonium  Polyphosphate 

4.  Corrosion  Rate  Versus  Viscosity. 

Initiate  steps  to  effectively  transfer  the  technology  developed 
in  this  program  for  implementation  by  air  operators  and  retardant 
suppliers . 

Consider  the  acquisition  of  more  sophisticated  instrumentation 
that  would  enable  more  accurate  determination  of  corrosion  rates 
by  electrochemical  polarization  methods. 

Revise  and  expand  USFS  interim  specification  5100-00301  and 
5100-00302a  to  reflect  the  technology  developed  in  this  program. 
Specific  items  include: 

1.   Expand  the  corrosion  testing  to  include  determination  of 

general  corrosion  rates  not  only  on  2024-T3  aluminum  but  also 
7075-T6  aluminum,  naval  brass,  4130  steel,  and  magnesium. 
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2.  Determine  corrosion  rates  under  both  total  immersion  conditions 
and  alternate  immersion  conditions. 

3.  Conduct  the  total  immersion  tests  over  at  least  30  days.   Determine 
corrosion  rates  by  polarization  measurements  on  the  1st,  3rd, 

7th,  14th,  and  30th  day  in  test.   In  addition,  weigh  each  test 
specimen  prior  to  and  after  the  test  to  allow  determination 
of  corrosion  rate  by  weight  loss. 

4.  Conduct  the  alternate  immersion  tests  over  30  days.   Determine 
general  corrosion  rates  by  weight  loss  measurements. 

5.  Substitute  double  cantilever  beam  (DCB)  type  specimens  for  the 
U-bend  specimens  now  specified  to  check  for  susceptibility  to 
stress  corrosion  cracking.   Include  2024-T3  aluminum  and  7075-T6 
aluminum  in  the  SCC  tests.   The  test  should  be  total  immersion 
for  30  days . 

E.   Consider  modifying  existing  specifications  on  fire  retardants  so  that 
corrosion  inhibitor  additives  can  be  specified  for  different  retardant 
solutions  instead  of  qualifying  proprietary  formulas. 


General  Corrosion  Rates  (mils/yr) 
Determined  by  Weight  Loss  Measurements 


TOTAL  IMMERSION  TEST  (2  MONTHS) 


304 
SS 


410 
SS 


BRASS 


2024 
Al 


2024 
A1C 


6061 
Al 


7075 
Al 


4130 
STEEL 


ZINC 


MAG 


Fire-Trol 
931-D 


.0096 


.0054 


.1743 


7.113 


1.857 


.1530 


2.108 


.0898 


23.29 


>100.0 


Fire-Trol 
931-L 


Fire-Trol 
931-D 


ALTERNATE  IMMERSION  TEST  [6  MONTHS) 
.0026     .0097     .7800    1.363      .5419    .5038 

DETERMINED  BY  LINEAR  POLARIZATION  MEASUREMENTS 
OVER  A  PERIOD  OF  2  MONTHS 


.7664    .2563 


6.383   >100.0 


Initial 

.0081 

.1663 

.1665 

.1068 

.1828 

.1026 

.0749 

.0266 

>100 

.0069 

.1101 

.1080 

4.986 

1.763 

.8014 

.8565 

.0456 

18.65 

.0051 

.0748 

.1865 

5.488 

1.325 

.9788 

1.031 

.0140 

2.283 

.0031 

.0058 

.1163 

4.333 

.6640 

.7945 

.9794 

.0195 

1.197 

.0010 

.0014 

.1108 

3.080 

.5517 

.7822 

.6659 

.6921 

Final 

.0064 

.0043 

.0871 

2.263 

.7676 

.7377 

.9389 

Average 

.0051 

.0605 

.1292 

3.376 

.6757 

.6995 

.7578 

.0264 

14.75 

347.8 


>100 
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THE  FIVE  WORST  GALVANIC  CORROSION  RATES  FOR  FIRE  TROL  931 


1%  Ammonium 
Thiocynate  in 
Polyphosphate 


CATHODE 

Ec 

VOLTS 

ANODE 

Ec 

VOLTS 

AEC 
VOLTS 

Ic   - 
ya/cmz 

CORROSION 
RATE  (  MIL/YR) 

Brass 

-.10 

2024  Al 

-.71 

.61 

5.0 

4.49 

410  SS 

-.18 

2024  Al 

-.71 

.89 

4.0 

3.60 

Brass 

-JO 

4130  Stl 

-.61 

.51 

6.5 

3.02 

Brass 

-.10 

7075  Al 

-.74 

.64 

4.9 

2.14 

410  SS 

+  .18 

4130  Stl 

-.61 

.79 

3.8 

1.76 

Naval 
Brass 


Galvanic  Corrosion  Rates  in  Selected  Inhibitors 
-.29        2024  Al     -.39        .10 


.39 


Average  Corrosion  Potentials  Over  2  Month  Exposure  Period  for  Fire  Trol  931 
CORROSION  POTENTIALS  VS  Ag/AgCl,  VOLTS 


.35 


Naval 

Alloy 

Brass 

304  SS 

410  SS 

Zinc 

4130  Stl 

6061  Al 

7075  Al  . 

2024  Ale 

2024  Al 

Potential 

-.21 

+  .04 

-.06 

-.63 

-.17 

-.91 

-.86 

-.86 

-.81 

Results  of  DCB  Stress  Corrosion  Cracking 
Tests  for  Inhibitor  Screening  Phase 


RETARD ANT 

Ammonium 
Polyphosphate 


INHIBITOR 

Ammonium 
Thiocyanate 


ALLOY 

2024 
Aluminum 


CRACK  GROWTH 
OVER  1000  HRS. 

.15" 


Results  of  DCB  Stress  Corrosion  Cracking  Tests 


RETARDANT 

ALLOY 

CRACK  GROWTH 

KIC 

339.0 
132.5 

KISCC 

162.9 
121.4 

%  REDUCTION 
IN  KIC 

Fire  Trol  931-L 
Fire  Trol  931-L 

4130  Stl 
2024  Al 

.976 
.079 

52 
6 
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GENERAL   CORROSION    RATES   IN    FIRE-TROL   93I~D 


4 10   STAINL ESS   STEEL 

iiiiium..im 


TAINLESS   STEEL 
iiiiii 


H30   STEEL 

iiiiiiuihihiiiuhii.iuu. 


NAVAL   BRASS 

Hni.iujmyimiLimiin 


3061   ALUMINUM    

iiiiiiiiiiiiiniiiiLTmiiiiiiiiiiiiiiiiiiiiiiiuiiHniiiuin 


1024   ALUMINUM   CLAD     ALUMINUM 

miUHiiimmiiiiyiinimiuiiiiiuiiiiiiniiniiii 


WEIGHT 

LINEAR 

LOSS 

POLAR. 

2024 

AL 

7.  113 

3.  376 

2024 

AL  CLAD  AL 

1  .  857 

.  6757 

6061 

AL 

1  .  530 

.  6995 

7075 

AL 

2.  108 

.  7578 

NAVAL  BRASS 

.  1743 

.   1292 

4130 

STEEL 

.  0898 

.  0264 

ZINC 

23.  29 

14.  75 

304 

SS 

.  0096 

.  0051 

410 

SS 

.  0054 

.  0605 

MAGNESIUM 

>I00 

>  100 

7075   ALUMI  NUM 

i.mmiiroii.iiiiiiiiiniiiiiiiiimiiiiiiin 


2024  ALUMI  NUM  

iiiiiii.iiiijiiiuuiimiiimuimiiiiiiiiiiniiii 


ZINC 

nmiiui 


rmrni. 


nrni 


MAGNESIUM 

iiiiiiMiiiiiiiiiiiiiiiu.iiiiuiiinjiuiiiiiiniiiiiiiiimmii 


■    i  i  1 1 1 1 ii      i ■  i  1 1 1 1 .1 i i i  1 1 1 1 ii i i ■  1 1 1 1 ii i i i  1 1 1 1 ii 

OOI  .01  .1  I  10  100 

CORROSION    RATE,   Ml  L/YR 
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APPENDIX  C 


COMBUSTION  RETARDING  EFFECTIVEN ESS  TEST 
DATA  AND  SUPERIORITY  FACTORS 
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FLAMMABILITY   DATA   FOR    F I  Rl.   TROL  931    L 


RETARDAMT 

ACTIVE 

RATE  OF 

REDUCTION 

RATE  OF 

REDUCTION 

RESIDUE 

REDUCTION 

AVERAGE 

CHEM. 

SPREAD 

IN  RATE  OF 

WEIGHT 

IN  RATE  OF 

(GRAMS) 

IN  FUEL 

SUPERIORITY 

P2°5  _ 

(FT/MIN) 

SPREAD 

LOSS 

WT.  LOSS 

CONSUMED 

FACTOR 

(G/FT2) 

(PERCENT) 

(G/MIN) 

(PERCENT) 

(PERCENT) 

P.  Pine 

1A 

3.75 

1.08 

34 

186 

43 

530 

19 

.325 

IB 

4.21 

.88 

46 

177 

46 

445 

10 

.370 

1C 

3.93 

.76 

54 

170 

48 

510 

17 

.432 

2A 

7.49 

.50 

70 

127 

61 

615 

28 

.572 

2B 

7.11 

.51 

69 

129 

61 

630 

29 

.571 

2C 

7.64 

.62 

62 

166 

49 

620 

28 

.503 

Excelsior 

1A 

3.47 

.88 

71 

187 

56 

245 

14 

.529 

IB 

3.47 

.95 

68 

167 

61 

250 

14 

.527 

1C 

3.40 

.76 

75 

167 

61 

255 

14 

.565 

ID 

3.75 

.93 

69 

169 

61 

270 

15 

.535 

2A 

7.22 

.54 

82 

126 

71 

395 

22 

.642 

2B 

7.53 

.70 

77 

166 

61 

380 

21 

.596 

2C 

7.75 

.67 

78 

122 

71 

420 

23 

.626 

2D 

8.74 

.37 

88 

54 

87 

510 

28 

.728 

FLAMMABILITY  DATA  FOR 

FIRE  TROL  931 

N 

RETARDANT 

ACTIVE 

RATE  OF 

REDUCTION 

RATE  OF 

REDUCTION 

RESIDUE 

REDUCTION 

AVERAGE 

CHEM. 

SPREAD 

IN  RATE  OF 

WEIGHT 

IN  RATE  OF 

(GRAMS) 

IN  FUEL 

SUPERIORITY 

P205 

(FT/MIN) 

SPREAD 

LOSS 

WT.  LOSS 

CONSUMED 

FACTOR 

(G/FT2) 

(PERCENT) 

(G/MIN) 

(PERCENT) 

(PERCENT) 

P.  Pine 

1A 

3.44 

1.06 

34 

152 

54 

520 

18 

.350 

IB 

3.51 

.99 

40 

227 

31 

465 

12 

.371 

1C 

3.51 

.86 

48 

187 

43 

490 

15 

.385 

2A 

7.69 

.60 

63 

640 

30 

2B 

7.49 

.56 

66 

152 

54 

625 

29 

.537 

2C 

7.12 

.70 

57 

145 

56 

690 

36 

.514 

Excelsior 

1A 

3.68 

.56 

84 

132 

70 

305 

17 

.637 

IB 

4.45 

.80 

73 

124 

71 

280 

16 

.581 

1C 

4.11 

1.07 

64 

203 

53 

280 

16 

.491 

2A 

7.32 

.40 

89 

102 

77 

510 

28 

.708 

2B 

7.31 

.40 

89 

70 

84 

435 

24 

.715 

2C 

7.56 

.48 

88 

435 

24 
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FLAMMABILITY  DATA  FOR  FIRE  TROL  931  P 


RETARDANT    ACTIVE 

RATE  OF 

REDUCTION 

RATE  OF 

REDUCTION 

RESIDUE 

REDUCTION 

AVERAGE 

CHEM. 

SPREAD 

IN  RATE  OF 

WEIGHT 

IN  RATE  OF 

(GRAMS) 

IN  FUEL 

SUPERIORITY 

P2O5 

(FT/MIN) 

SPREAD 

LOSS 

WT.  LOSS 

CONSUMED 

FACTOR 

(G/FT2) 

(PERCENT) 

(G/MIN) 

(PERCENT) 

(PERCENT) 

P.  Pine 

1A 

3.55 

.98 

41 

197 

40 

505 

16 

.346 

IB 

3.  36 

.98 

41 

147 

55 

530 

19 

.390 

1C 

3.52 

.99 

40 

197 

40 

535 

19 

.349 

2A 

5.49 

.88 

46 

168 

49 

555 

22 

.406 

2B 

6.45 

.79 

52 

169 

49 

640 

30 

.459 

2C 

6.74 

.63 

62 

158 

52 

607 

27 

.507 

Excelsioi 

1A 

3.58 

.94 

73 

155 

65 

236 

13 

.560 

IB 

3.45 

1.39 

60 

217 

51 

275 

15 

.466 

1C 

3.39 

.72 

79 

129 

71 

300 

17 

.614 

ID 

3.81 

.85 

72 

197 

54 

197 

11 

.522 

2A 

7.10 

.70 

80 

79 

82 

418 

23 

.663 

2B 

6.68 

.73 

79 

125 

72 

467 

26 

.640 

2C 

7.20 

.54 

82 

140 

67 

430 

24 

.637 

SUPERIORITY  FACTOR 

(Computed) 

RETARDANT 

Fire  Trol  931 

L 

Fire 

Tro. 

L  931  N 

Fire  Tro 

I  931  P 

Number  of 

Fires 

14 

10 

12 

Chemical 

in  Solution 

Percent 

P2O5 

8.49 

8 

28 

7 

82 

Density 

(G/ML) 

1.108 

1 

106 

1 

108 

Superiori 

ty  Factor  Eq 

nations 

Y  =  .34523  + 

.03384X 

Y  = 

28753  + 

.0464X 

Y  =  .32736  + 

.03583X 

Treatment 

Levels 

1  Gal/100  ft2 

P2O5 

(G/ft2) 

3.56 

3 

47 

3 

.28 

Retar 

dant  S.F. 

.47 

45 

45 

Std. 

DAP  S.F. 

.51 

51 

49 

2  Gal/100  ft2 

P205 

G/ft2 

7.12 

6 

94 

6 

56 

Retar 

dant  S.F. 

.59 

61 

56 

Std. 

DAP  S.F. 

.68 

67 

68 

Me  an  S .  F . 

-  All  Treat 

ment 

Levels 

5  All  Fuels 

.53 

53 

.51 

53 


" 

D 

FIRE-TROL      931-L 

O 

FIRE-TROL       931-  N 

"    A 

FIRE-TROL.       931-P 

• 

DAP 

- 

• 
• 

• 

- 

• 

• 
• 

D 

D 

A 

A 

A 

O 

D 
O 
D 

• 

^D 

• 

' 

1 

i 

i 

3  4  5 

GRAMS    P2Os    PER    SQUARE    FOOT 


I  .  0- 


F1RE-TROL  931  L 

O  FIRE-TROL  931  N 

/\  FIRE-TROL  9  31  P 

•  DAP 


GRAMS    P2O5 


4  5 

PER   SQUARE   FOOT 
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RESEARCH  SUMMARY 

This  General  Technical  Report  describes  a  method  for 
investigating  the  history  and  ecological  influences  of  wild- 
fire in  the  inland  coniferous  forests  of  western  North 
America. 

The  method  relies  on  the  collection  and  analysis  of 
cross  sections  of  fire-scarred  trees  and  the  identification, 
from  increment  cores,  of  age  classes  of  postfire  tree 
species.  In  logged  areas,  fire-scar  and  age-class  data  can 
be  gathered  from  stumps. 

The  Report  covers  selection  and  layout  of  study  areas, 
and  the  collection  and  analysis  of  samples.  The  authors 
tell  how  to  interpret  fire  frequency,  intensity,  and  size; 
the  influence  of  fire  on  stand  composition  and  structure; 
and  the  effects  of  modern  fire  suppression. 


INTRODUCTION 


Throughout  much  of  western  North  America,  forest  managers  are  making  a  transition 
from  a  narrow  policy  of  fire  control  to  a  broader  approach  called  fire  management 
(Moore  1974) .  This  change  reflects  their  increasing  interest  in  using  fire  in  fuel 
management,  wildlife  habitat  management,  silvicultural  improvement,  and  natural  area 
management.  Thus,  managers  want  to  evaluate  the  influence  of  fire  on  forest  ecosystems. 
But,  to  fully  understand  the  role  that  fire  has  played,  one  should  learn  about  the  fire 
history.  The  following  questions  should  be  investigated:  what  were  the  (1)  average, 
minimum,  and  maximum  intervals  between  fires  in  various  forest  habitats?   (2)  sizes 
and  intensities  of  fires?   (3)  effects  of  past  fire  on  forest  vegetation,  particularly 
stand  composition  and  age-class  structure?   (4)  effects  of  modern  fire  suppression? 

This  paper  outlines  a  method  that  a  fire  management  specialist,  land  use  planner, 
or  research  forester  can  use  to  address  these  questions.  Most  of  the  individual 
procedures  were  developed  and  used  in  various  ways  by  other  fire  history  investigators. 
Detailed  justification  of  this  method  and  comparison  with  various  alternatives  are  not 
presented  here;  however,  they  are  discussed  by  Arno  (manuscript  in  preparation)  and  can 
be  evaluated  by  reading  some  of  the  most  pertinent  study  reports,  such  as: 

Alberta--MacKenzie  1973,  Byrne  1968,  Tande  1977 

Arizona- -Weaver  1951 

British  Columbia- -Howe  1915 

California--Wagener  1961,  Kilgore  1973,  McBride  and  Laven  1976 

Colorado--Clagg  1975 

Idaho- -Burkhardt  and  Tisdale  1976,  Marshall  1928 

Minnesota--Frissell  1973,  Heinselman  1973 

Montana--Arno  1976,  Gabriel  1976,  Sneck  1977 

New  Hampshire --Henry  and  Swan  1974 

New  Mexico—Weaver  1951 

Oregon- -Weaver  1959,  McNeil  1975,  Soeriaatmadja  1966 

Washington- -Weaver  1961 

Wyoming --Houston  1973,  Loope  and  Gruell  1973,  Taylor  1974 

The  techniques  employed  are  a  relatively  simple  process  of  aging  and  correlating 
dates  from  fire  scars  on  trees  as  well  as  identifying  fire-initiated  age  classes  of 
trees.  The  procedures  were  applied  on  three  study  areas  in  the  Bitterroot  National 
Forest  of  western  Montana  where  they  provided  a  detailed  analysis  of  the  role  of  fire 
since  about  the  year  1600  (Arno  1976).   Sneck  (1977)  recently  field-tested  the  method 
in  an  area  on  the  Flathead  National  Forest  that  has  been  more  heavily  logged  and  has 
had  less  frequent  fires  than  the  Bitterroot.   As  a  result,  improvements  that  she 
suggested  have  been  incorporated  here.   This  method  should  be  applicable  to  conif- 
erous forests  of  the  western  United  States  and  adjacent  portions  of  Canada,  inland 
from  the  coastal  forests. 


Manpower  and  equipment  for  obtaining  fire  history  information  are  not  extensive. 
Once  the  study  site  has  been  selected  and  initial  preparation  made,  estimated  manpower 
allocations  are  as  follows: 


Type  of  Study  Area 

1.  Small  (100  to  300  acres,  40  to 
120  hectares),  having  one  or  a  few 
closely  related  habitat  types 


2.   Large  (5,000  to  10,000  acres, 
2,000  to  4,000  hectares),  having 
diverse  forest  habitat  types  and 
physiography 


Manpower 

Principal  investigator:  1  to  2  weeks 
(field  investigations  and  sampling,  final 
analysis  and  writeup) 

Technician:  2  to  3  weeks  (help  with 
fieldwork,  preparation  and  basic  analysis 
of  field  collections) 

Principal  investigator:  6  to  8  weeks 

Technician:  10  weeks 


About  70  percent  of  the  time  is  spent  in  the  office  (planning,  analysis,  and 
writeup)  and  can  be  done  during  any  season. 


SELECTION  OF  A  STUDY  AREA 


Topography  and  forest  types  should  be  representative  of  a  larger  vicinity  to  allow 
for  reasonable  extrapolation  of  the  study  results.   If  results  will  be  applied  to  a 
sizable  region--for  example,  1,000,000  acres  (400,000  ha) --it  is  advisable  to  set  up 
three  or  more  large  study  areas  in  different  parts  of  the  region.   A  watershed  or  other 
logical  geographical  unit  should  be  selected  as  a  study  area  and  outlined  on  a  large- 
scale  topographic  map  (7-1/2  minute  series  or,  better,  4  inches  per  mile).   Areas  with 
substantial  remnants  of  unlogged  or  lightly  selection-cut  forest  are  most  favorable  for 
study,  although  it  is  often  helpful,  especially  in  moist  forest  types,  to  include  some 
heavily  logged  areas  where  stumps  can  be  analyzed  for  buried  (healed  over)  fire  scars. 
This  method  can  also  be  used  in  logged  areas  where  stumps  are  still  relatively  sound 
(stumps  30  or  40  years  old  are  often  satisfactory) . 

Road  access  should  be  available  at  least  to  the  periphery  of  the  study  area,  and 
in  a  large  study  area  a  network  of  trails  and  roads  is  helpful. 


FIELD  RECONNAISSANCE 


Laying  Out  Transects 

A  network  of  reconnaissance  transects  (not  statistically  based)  should  be  laid  out 
on  the  topographic  map  of  the  study  area.   As  illustrated  in  figure  1,  this  network 
should  lead  through  representative  amounts  of  terrain  on  all  aspects  and  elevations. 
Such  a  network  will  normally  provide  a  representative  sample  of  the  forest  types. 
Transect  routes  can  be  established  to  take  maximum  benefit  of  trails  and  roads  for  ac- 
cess. Orienting  the  transects  along  topographic  contours  or  perpendicularly  up  one 
broad  slope  and  down  another  is  quite  acceptable.   Transects  should  not  follow  narrow 
ridgetops  or  stream  bottoms  for  miles,  because  these  have  vegetative  and  fire  environ- 
ments that  may  not  be  typical  of  most  of  the  area.   Instead,  transects  should  generally 
traverse  broader  slopes  on  all  aspects  from  low  to  high  elevations,  and  should  be  well 
dispersed  throughout  the  study  area.   Parallel  transects  can  be  made  along  longitudinal 
or  latitudinal  lines;  however,  this  approach  requires  more  time  for  surveying  the  route 
and  is  especially  slow  in  rugged  terrain. 


Habitat  Type  Segments 


3P    ecotone 

V    3e      ecotone 


ecotone  -^/  ( '        {   _ VJ" ^% *!v  3D 


—  Transect&  number 

—  Creek 
Contours  elevation  (feet) 


PLOT  3 A.  1 


\^     Vs^   $    i^PL0T3B.  2 


PLOT  3 B.  1 


Figure  1. — Topographic  map  of  a  study  area  showing  network  of  transects    (which  utilized 
trail  and  road  access)  and  transect  numbering  scheme.      Enlargement  of  transect  3  shows 
habitat  type  segments   (3A,    3B3   etc.),   ecotones,   sample  plots    (*). 


Gathering  Data 

Recording  Habitat  Types 

A  continuous  log  of  the  forest  habitat  types  should  be  kept  along  the  transect 
route,  by  means  of  the  most  current  forest  habitat-type  classification  (or  similar, 
ecologically  based  stratification  of  forest  environments)  applicable  to  the  area.   The 
status  of  these  classifications  in  the  western  United  States  is  explained  in  detail  by 
Pfister  (1976).   In  unclassified  areas,  it  should  be  possible  to  adapt  a  broader  system 
based  on  potential  climax  tree  species,  similar  to  the  series  level  of  a  habitat-type 
classification.   Vegetation  should  be  carefully  documented  on  habitat  type-stand  compo- 
sition plots  (described  later  using  a  field-form  checklist  like  figure  2).   Logged  areas 
can  be  habitat  typed  by  extrapolating  from  similar  unlogged  sites  nearby  or  by  using 
other  techniques  described  in  Pfister  and  others  (1977). 

As  shown  on  figure  1,  boundaries  (ecotones)  between  each  habitat-type  segment 
along  the  transect  should  be  determined  on  the  ground  and  drawn  across  the  transect  on 
the  topographic  map.   The  location  of  each  habitat-type  plot  should  also  be  drawn  on 
the  map.   The  completed  habitat-type  transects  can  provide  a  basis  for  identifying  the 
topographic  and  elevational  characteristics  associated  with  each  habitat  type  (and, 
optionally,  for  preparing  a  habitat-type  map  of  the  study  area).   This  will  allow  for 
a  comparison  of  the  role  of  fire  by  habitat  type  and  will  aid  extrapolation  of  findings 
to  adjacent  areas  having  similar  habitat  types. 

Obtaining  Stand-Composition  and  Age-Class  Data 

Within  each  habitat-type  segment  of  the  transect,  the  investigator  should  subjec- 
tively select  a  site  for  a  1/10-acre  (0.04-ha)  plot  having  representative  timber  type 
and  stand  conditions.  He  should  then  record  all  tree  species  by  2-inch  (5-cm)  size 
classes  in  the  plot.   The  habitat-type  field-form  (fig.  2)  should  be  filled  out  here 
also . 

Next,  increment  cores  should  be  taken  at  1  foot  (0.3  m)  above  ground  level  to  deter- 
mine the  age  classes  of  serai  tree  species  in  the  stand.   Significant  quantities  of 
serai  species  (for  example,  ponderosa  pine  in  a  potential  Douglas-fir  climax  stand  or 
lodgepole  pine  in  a  potential  subalpine  fir  climax)  commonly  regenerate  after  a  fire. 
Thus  age  class  data  will  be  essential  for  interpreting  the  historical  effects  of  fire 
on  stand  composition  and  structure.   Where  serai  trees  are  unavailable,  the  climax 
species  can  be  used  with  the  understanding  that  they  are  less  like]y  to  have  originated 
after  a  fire. 

A  minimum  of  three  trees  should  be  bored  for  each  apparent  age-size  class.   Rings 
should  be  carefully  counted  in  the  field  with  a  10-power  hand  lens.   If  the  three  trees 
representing  one  size  class  differ  by  more  than  10  years,  additional  trees  should  be 
bored  until  each  age  class  is  represented  by  at  least  three  (preferably  serai)  trees. 

Field  notes  should  be  taken  to  describe  stand  composition  (tree  species)  and 
apparent  age  classes  along  the  transects.   This  will  provide  valuable  information, 
augmented  by  the  plot  and  fire-scar  data,  for  interpreting  the  effects  of  historical 
fire. 

All  cores  should  be  glued  into  core-mounting  boards  (fig.  3)  for  laboratory 
analysis,  and  labeled  with  the  location,  code  number  (transect  number,  habitat-type- 
segment  letter,  and  plot  number),  tree  species,  and  diameter  at  breast  height  (d.b.h.). 
A  core  board  is  made  by  cutting  grooves  in  1-  by  8-inch  (2.5-  by  20-cm)  lumber  on  a 
table  saw.   A  bead  of  Elmers  or  similar  "white  glue"  is  spread  in  the  bottom  of  a  groove, 
the  core  is  then  placed  in  the  groove,  and  a  second  core  board  is  placed,  smooth  side 
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4.  Larix  occidentalis                 LAOC      western  larch 

5.  Picea  engelmannii                  PIEN      Engelmann  spruce 
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7.  Pinus  albicaulis                   PIAL      whitebark  pine 

8.  Pinus  contorta                   PICO      lodgepole  pine 

9.  Pinus  flexilis                     PIFL      limber  pine 
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10.  Pinus  monticola                    PIMO      western  white  pine 

11.  Pinus  ponderosa                    PIPO      ponderosa  pine 

12.  Pseudotsuga  menziesii               PSME      Douglas-fir 
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13.  Thuja  plicata                     THPL      western  redcedar 

14.  Tsuga  heterophylla                TSHE      western  hemlock 

15.  Tsuga  mertensiana                 TSME     mountain  hemlock 
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1.  Alnus  sinuata                    ALSI      Sitka  alder 

2.  Arctostaphylos  uva-ursi             ARUV      kinnikinnick 

3.  Berberis  repens                   Bl  RE      creeping  Oregon  grape 

4.  Cornus  canadensis                 COCA     bunchberry  dogwood 

5.  Holodiscus  discolor                HODI      ocean  spray 

6.  Juniperus  communis  (+  horizontalis)  JUCO     common  (+  creeping)  juniper 

7.  Ledum  glandulosum                  LEGL      Labrador  tea 

8.  Linnaea  borealis                   LIBO      twinf lower 

9.  Menziesia  ferruginea              MEFE     menziesia 
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10.  Oplopanax  horridum                 OPHO      devil's  club 

11.  Physocarpus  malvaceus              PUMA      ninebark 

12.  Prunus  virginiana                 PRVI      chokecherry 

13.  Purshia  tridentata                 PUTR      bitterbrush 

14.  Ribes  montigenum                   RIMO      mountain  gooseberry 

15.  Shepherdia  canadensis              SHCA      buffaloberry 

16.  Spiraea  betulifolia                SPBE      white  spiraea 

17.  Symphoricarpos  albus              SYAL     common  snowberry 

18.  Symphoricarpos  oreophilus           SYOR      mountain  snowberry 

19.  Vacciniuin  caespitosum              VACA      dwarf  huckleberry 

20.  Vaccinium  globulare  (+  membranaceum)  VAGL      blue  huckleberry 

21.  Vaccinium  scoparium  (+  myrtillus)    VASC      grouse  whortleberry 
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PERENNIAL  GRAMINOIDS 

' 

1 .  Agropyron  spicatum                 AGSP      bluebunch  wheatgrass 

2.  Andropogon  spp.                    AND       bluestem 

3.  Calamagrostis  canadensis            CACA      bluejoint 

4.  Calamagrostis  rubescens             CARU      pinegrass 

5.  Carex  geyeri                      CAGE      elk  sedge 

6.  Festuca  idahoensis                 FEID      Idaho  fescue 

"C 

7.  Festuca  scabrella                  FESC      rough  fescue 

8.  Luzula  hitchcockii  (=  glabrata)      LUHI      wood-rush 
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IPERENNIAL  FORBS  AND  FERNS 

1 .  Actaea  rubra                      ACRU      baneberry 

2.  Antennaria  racemosa                ANRA      woods  pussytoes 

3.  Aralia  nudicaulis                 ARNU      wild  sarsaparilla 

4.  Arnica  cordifolia                  ARCO      heart  leaf  arnica 

5.  Athyrium  filix-femina              ATFI      lady  fern 

6.  Balsamorhiza  sagittata             BASA     arrowleaf  balsamroot 

7.  Clematis  pseudoalpina  (+  tenuiloba)  CLPS     virgin's  bower 

8.  Clintonia  uniflora                 CLUN      queencup  beadlily 

9.  Equisetum  arvense                  EQAR      common  horsetail 

10.  Equisetum  spp.                     EQU       horsetails  5  scouring  rush 

11.  Galium  triflorum                   GATR      sweetscented  bedstraw 

12.  Gymnocarpium  dryopteris             GYDR      oak  fern 

13.  Senecio  streptanthifolius           SEST      cleft -leaf  groundsel 

14.  Senecio  triangularis               SETR      arrowleaf  groundsel 

15.  Smilacina  stellata                SMST     starry  Solomon's  seal 

16.  Streptopus  amplexifolius           STAM     twisted  stalk 

17.  Thalictrum  occidentale              THOC      western  meadowrue 

18.  Valeriana  sitchensis              VASI      sitka  valerian 

19.  Viola  orbiculata                   VIOR      round-leaved  violet 

20.  Xerophyllum  tenax                  XETE      beargrass 
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Figure  2. — Sample  habitat  type-stand  composition  field  ft 
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END  VIEW 

Figure  S. — Increment  cove  mounting  board,   showing  increment  cores,   ring-counting 

techniques,  and  labeling  system. 


down,  atop  the  first  board.  The  two  boards  are  then  held  together  with  a  pair  of  heavy 
rubber  bands.  Also,  cores  can  be  carried  in  labeled  plastic  drinking  straws  while  in 
the  field,  then  transferred  to  core  boards. 

Stand-composition  and  age-class  information  can  be  collected  in  stands  that  have 
been  clearcut  or  heavily  logged  if  stumps  are  not  too  rotten  or  too  burnt  to  age  and  if 
the  year  of  logging  can  be  determined.   Species  can  be  identified  from  the  bark.   Total 
age  can  be  gathered  by  cross  sectioning  sound  stumps  with  a  chain  saw;  ring  counts 
should  be  confirmed  in  the  lab. 

Documenting  Fire-Scarred  Trees 

The  investigator  and  technician  should  locate  and  record  all  fire-scarred  trees  in 
a  swath  of  forest  along  the  transect  route.   By  walking  parallel  about  50  yards  (45  m) 
apart,  they  can  cover  a  swath  about  100  yards  (91  m)  wide  in  relatively  open  forests. 
They  should  keep  constant  watch  for  the  oldest  "catfaced"  trees  available.   (Catface  is 
a  term  for  an  open  scar  resulting  from  one  or  more  fires.)   On  each  catface,  the  number 
of  external  fire  scars  should  be  counted.   Each  individual  fire  scar  has  a  separate  fold 
or  band  of  healing  tissue,  often  appearing  on  both  sides  of  the  catface.   Sometimes 
these  folds  are  partially  or  wholly  burned  off  by  subsequent  fires,  but  usually  a 
portion  of  each  fold  remains  at  least  on  one  side  of  the  catface  a  foot  (0.3  m)  or  more 
above  the  ground.   Figure  4  shows  some  examples  of  catfaces  and  corresponding  cross 
sections  of  the  fire  scars.   Catfaces  are  most  prevalent  on  the  upslope  side,  especially 
on  old-growth  trees  that  lean  upslope. 


Figure  4. — Examples  of  multiple  fire  soars  on  trees  and  soar  patterns  in  cross  sections. 


4-A.  Lodgepole  pine  with  three  fire  scars 


Tolan  no.  24 


CAMBIUM  1975 


FIRE  1785 


This  tree  probably  germinated  about  1755  and  apparently  represents  regeneration  from  the  1752  Fire  shown  in  part  A  . 

4-B.  Nearby  lodgepole  pine  with  two  fire  scars 


4-C.  Old  ponderosa  pine  stump  with  13  externally  visible  scars 
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CAMBIUM!  1974) 


4-D.  Ponderosa  pine  cross  section  with  21  fire  scars 


Investigators  must  learn  to  differentiate  fire  scars  from  scars  caused  by  fallen 
trees,  frost  cracks,  root  rot,  and  bear,  rodent,  or  beetle  damage.   (These  are  described 
more  fully  later.)  Also,  they  must  recognize  those  healed-over  fire  scars  which  are 
indicated  only  by  a  bark  seam,  generally  on  the  upslope  side.   Field  experience  will 
clarify  the  scarring  characteristics  of  each  tree  species.   Char  on  the  outer  bark 
confirms  at  least  one  fire,  probably  within  the  last  70  years.   Char  on  the  surface  of 
any  scar  in  a  catface  is  evidence  that  a  fire  occurred  after   the  year  of  that  scar. 

A  few  trees  having  the  largest  number  of  relatively  sound  fire  scars  in  each  stand 
should  be  recorded  and  marked  for  revisiting.   In  stands  having  many  old-growth  trees 
with  multiple  scars,  it  is  not  necessary  to  also  tally  all  the  younger  trees  with  only 
one  or  two  scars.   The  following  data  should  be  recorded  for  each  tree  in  a  "Log  of 
Fire-Scarred  Trees": 

(1)  transect  number,  habitat-type-segment  letter,  and  scarred-tree  Roman  numeral 

(2)  species 

(3)  d.b.h. 

(4)  maximum  height  of  catface 

(5)  number  of  externally  visible  scars 

(6)  elevation 

(7)  aspect 

(8)  remarks  such  as  descriptive  location  and  recommendation  for  sampling 

This  information   (table  1,  part  A)  will  provide  the  basis  for  selecting  sample  trees. 
Each  of  the  trees  in  the  log  should  be  plotted  by  numeral  on  the  transect  topographic 
map. 

Fire-scarred  trees  can  also  be  identified  in  stands  that  have  been  clearcut  or 
heavily  logged  during  the  past  few  decades  by  systematically  examining  stumps.   Because 
fire  scars  on  low  stumps  are  not  readily  apparent  at  a  distance,  careful  inspection  is 
necessary.   Fire  scars  may  have  healed  over  and  thus  not  be  visible  on  the  outer  edge 
of  stump,  but  they  can  be  seen  in  the  rings  (on  top) .   Fire-scarred  stumps  are  recorded 
similarly  to  fire-scarred  trees. 


Table  1.--A  "Log  of  Fire  scarred  Trees"  examined  in  the  field  reconnaissance  (part  A),  and  the  log  of  trees  actually  sampled  (part  B). 

in  study  area 

PART  A.   LOG  OF  FIRE-SCARRED  TREES 


Transect  number, 

h.t.  segment 

(Apparent) 

letter,  and 

Maximum 

number  of 

scarred-tree 

height  of 

external 

numeral 

Species  :  d.b.h. 

cat-face 

scars 

Elevation 

Aspect 

Remarks 

Inches 

Feet 

Feet 

Degree 

1A-I 

pp 

24 

6 

7 

4,650 

no 

1A-II 

pp 

29 

7 

13 

5,050 

90 

1A-III 

pp 

32 

7 

11 

4,750 

100 

1A-IV 

LPP 

20 

6 

4 

4,800 

120 

1B-I 

PP 

49 

20 

4 

5,800 

190 

1B-II 

PP 

31 

16 

2 

5,500 

170 

1B-III 

PP 

22 

10 

4 

5,600 

200 

1B-IV 

PP 

20 

8 

1 

5,500 

180 

1C-I 

DF 

24 

10 

2 

5,400 

80 

1C-II 

DF 

16 

3 

4 

5,400 

65 

1C-III 

PP 

23 

15 

6 

5,650 

70 

Across  bridge,  200  ft  beldW  rock  outcrops, 
good  cross  section 

Below  large  Douglas-fir  snag,  good  c.s. 

100  yds  below  ridgetop,  good  c.s. 

Flagged  close  to  T A- III,  slightly  rotten 

Possibly  lightning  struck,  good  c.s. 

In  dense  stand  of  young  PP,  good  c.s. 

Double  trunk,  50  yds  east  of  trail 

In  dense  stand  of  young  PP,  not  a  good  sample 

Below  ridge,  flagged 

Below  ridge 

On  ridge  spur,  good  c.s. 


PART  B.   LOG  OF  SAMPLED  TREES 


(Apparent) 

(Actual) 

Sample 

Maximum 

number  of 

number  of 

Habitat 

tree 

Reconnaissance 

:  height  of 

external 

internal 

type  and 

Photo 

number 

code 

Species 

d.b.h.  :  cat-face 

scars 

scars 

Elevation 

Aspect 

phase 

number 

Remarks 

Inches 

Feet 

Feet 

Degree 

1 

1A-I 

PP 

24 

6 

7 

9 

4,650 

110 

DF/AGSP 

1 

335°  from  bridge,  200  ft 
below  rock  outcrops 

2 

1A-II 

PP 

29 

7 

13 

14 

5,050 

90 

DF/CARU 
PIPO 

2 

315°  from  bridge,  below 
large  DF  snag 

3 

None^ 

PP 

23 

5 

12 

13 

5,050 

80 

DF/AGSP 

3 

120  yd  S  of  tree  no.  2 

4 

1A-III 

PP 

32 

7 

11 

13 

4,750 

100 

DF/AGSP 

4,5 

100  yd  below  ridgetop 

5 

1B-I 

PP 

49 

20 

4 

4 

5,800 

190 

PP/FEID 

13,14 

Lightning  struck 

6 

None^ 

PP 

19 

3 

4 

4-5 

5,200 

200 

PP/FEID 

15 

100  yd  N  of  road  above 
pullout 

7 

None^ 

PP 

24 

3 

6 

7 

5,650 

200 

PP/FEID 
FESC 

16 

Dead  snag  (died  ca.  50+ 
yr  ago) 

8 

1B-III 

PP   ■ 

22 

10 

4 

5 

5,600 

200 

PP/FEID 
FESC 

17 

Double  trunk,  50  yd  E  of 
trail 

9 

1C-II 

DF 

16 

3 

4 

5 

5,400 

65 

DF/PHMA 
PHMA 

18 

Below  ridge  150  feet 

10 

1C-III 

PP 

23 

15 

6 

6 

5,650 

70 

DF/PHMA 

19 

On  ridge  spur 

1/  Not  previously  discovered. 
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SAMPLING  FIRE-SCARRED  TREES 


Selecting  Sample  Trees 

After  completing  the  field  transects,  one  can  examine  the  Log  of  Fire-scarred 
Trees  and  make  preliminary  selections  for  sampling.   Generally,  two  or  three  sample 
trees  should  be  selected  for  each  half  mile  (0.8  km)  of  a  given  habitat-type  segment 
on  each  transect.   Some  transect  segments  may  not  have  fire-scarred  trees  because  few 
trees  survived  the  most  recent  fire.   In  this  case,  increment  cores  (age-class  data) 
and  transect  field  notes  will  provide  fire  history  information  within  that  segment. 

On  larger  study  areas  having  many  miles  of  transects,  distances  between  sample 
groups  can  be  increased.   (Nevertheless,  the  investigator  should  sample  groups  of  two 
or  three  trees  in  close  proximity  in  order  to  correlate  fire-scar  chronologies.)   If 
this  intensity  of  sampling  is  not  feasible,  establish  a  few  small  study  areas  with 
representative  terrain  and  vegetation,  correlate  the  findings,  then  extrapolate  results 
to  the  larger  area.   An  example  of  this  approach  is  provided  by  Arno  (1976). 

Trees  with  the  greatest  number  of  externally  visible,  individual  fire  scars  have 
the  highest  priority  for  sampling.  Avoid  sampling  trees  whose  ring-count  sequence  may 
be  obscured  by  rot. 

Where  candidate  sample  trees  have  similar  numbers  of  scars  and  soundness,  other 
factors  can  be  considered.   For  instance,  the  investigator  may  choose  to  sample  a 
ponderosa  pine  in  preference  to  a  Douglas-fir  or  western  larch  because  the  former 
usually  has  clearer  scar  rings.   A  small,  old-growth  tree  can  be  chosen  in  preference 
to  a  larger  dominant  tree  having  a  similar  scar  sequence. 

Final  selections  of  sample  trees  and  stumps  should  be  recorded  on  a  field  sheet 
and  on  a  map  that  will  be  used  to  relocate  them  for  taking  cross  sections. 

Collecting  Samples 

Return  to  the  chosen  sample  trees,  watching  for  better  scar  trees  that  may  have 
been  overlooked.   Inspect  each  chosen  tree  to  verify  that  the  data  supporting  its 
selection  were  accurate.   Check  especially  the  maximum  number  of  fire  scars  and  deter- 
mine the  best  place  to  cross  section  the  trunk  to  obtain  the  full  sequence  of  scars  as 
well  as  the  pith  and  cambium.   Photograph  the  catface.   Assign  the  tree  a  permanent 
number  and  record  it  in  the  "Log  of  Sampled  Trees"  (part  B  of  table  1),  which  includes 
information  listed  in  the  Log  of  Fire-scarred  Trees,  plus  the  number  of  cross-sectional 
scars,  habitat  type,  and  photograph  number.   Also,  plot  and  label  the  sample  tree's 
location  on  the  topographic  map. 

Sectioning  techniques  suggested  here  provide  primarily   for  study  needs  while  sec- 
ondarily  minimizing  visual  impact  and  structural  damage  to  trees.   In  some  areas  (Nat- 
tional  Parks,  wildernesses,  private  lands)  it  may  be  necessary  to  reverse  the  above 
priorities.   In  that  case,  thin  wedge-shaped  sections,  not  necessarily  penetrating  to 
the  pith,  can  be  taken  (McBride  and  Laven  1976),  with  a  handsaw  if  necessary. 
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Small  sample  trees- -those  less  than  a  foot  (0.3  m)  thick  at  stump  height--should 
generally  be  felled,  cutting  them  off  either  well  below  or  well  above  the  point  on  the 
trunk  where  the  clearest  scars  are  apparent.   After  felling,  cut  the  stump  or  downed 
tree  to  obtain  the  clearest  cross  section  with  the  maximum  number  of  fire  scars. 

Large,  relatively  sound  trees  are  usually  best  sampled  by  taking  a  partial  cross 
section  from  one  side  of  the  catface.   As  illustrated  in  figure  5,  the  pith,  fire  scars, 
and  cambium  can  usually  be  obtained  by  severing  only  about  10  to  15  percent  of  the  stem. 
A  roller  or  sprocket-tipped  chain  saw  (20-  or  24-inch  bar)  is  used  to  make  parallel, 
horizontal  cuts  1-1/2  to  2  inches  (4  to  5  cm)  apart.   These  extend  from  the  pith  to 
the  cambium  across  the  clearest  portion  of  the  scar  sequence,  on  only  one  side  of  the 
catface.   The  cut  is  made  just  deep  enough  to  insure  that  it  goes  behind  the  deepest 
penetration  of  each  scar  so  the  count  can  be  made  in  unscarred  tissue.   (Normally  this 
will  be  3  to  4  inches  deep.)   Then  the  tip  of  the  saw  is  pushed  in  vertically  along 
the  back  of  the  parallel  cuts,  from  cambium  to  pith.   The  saw  wound  can  be  painted 
with  an  asphalt-base  tree  paint  to  prevent  entrance  of  insects  or  disease  (McBride  and 
Laven  1976) . 

Inspect  the  partial  cross  section  to  insure  that  it  does  extend  behind  each  scar. 
Draw  arrows  perpendicularly  across  any  broken  parts  to  aid  reassembly.   (Glue  the  parts 
back  together  in  the  lab.)  Write  the  sample  tree  number  (table  1,  part  B)  in  ball- 
point ink  on  all  pieces  in  two  places  on  the  back  of  the  cross  section,  where  it  will 
not  be  sanded  off.   Also,  write  the  sample  number  conspicuously  on  the  tree  or  stump 
or  use  a  small  metal  tag  for  this  purpose. 

Compare  the  number  of  fire  scars  on  the  cross  section  with  scars  on  the  catface. 
Small  scars  that  may  represent  scrapes  or  rodent  damage  when  the  tree  was  a  sapling 
should  be  denoted.   Scrape  scars  resulting  from  falling  trees  and  scars  from  mountain 
pine  beetle  attacks  should  be  analyzed  and  discounted  in  the  field  also.   Scrape  scars 
are  generally  longer  than  fire  scars,  and  the  remains  of  the  fallen  tree  causing  the 
scrape  can  usually  be  found.   Scars  from  beetle  attacks  often  result  from  dieback  of 
the  cambium  at  more  than  one  place  along  a  given  annual  ring;  these  scars  have  an 
irregular  shape  and  may  be  correlated  to  a  known  epidemic  year. 

Basal  scars  may  be  caused  by  root  rot  (Armillaria  me  I  lea) ,   but  these  usually  ex- 
tend up  basal  root  buttresses  rather  than  forming  in  the  hollows  between  buttresses 
like  fire  scars.   Also  unlike  fire  scars,  rot  scars  are  not  correlated  with  the  upslope 
side  of  trees.   Various  cankers  or  animals  also  cause  scars;  these  are  not  usually 
basal,  bear  little  resemblance  to  fire  scars,  and  do  not  char  wood. 

After  counting  the  fire  scars  on  the  sample  tree's  cross  section,  enter  the  total 
in  the  Log  of  Sampled  Trees  (part  B  of  table  1) .   Examine  each  tree  and  cross  section 
carefully  in  the  field  because  the  catface  and  additional  cross  sections  will  not  be 
available  for  checking  in  the  laboratory. 

When  sampling  logged  areas,  photograph  the  top  of  each  stump  (vertically),  using 
markers  to  pinpoint  each  fire  scar  and  the  pith.   Preliminary  ring  counts  can  be  made 
in  the  field,  using  a  10X  hand  lens  if  necessary.   Cross  sections  of  sound  stumps  can 
be  cut  and  taken  to  the  lab  for  documentation  and  for  ring  counting  with  a  microscope. 
If  the  stump  is  not  sound  enough  to  section,  obtain  the  best  estimate  of  fire  scar  and 
pith  dates,  counting  the  rings  several  times  if  necessary. 

To  facilitate  transporting  and  handling,  it  is  desirable  to  minimize  both  weight 
and  size  of  the  cross  sections.   Full  cross  sections  often  need  only  be  about  an  inch 
thick,  and  if  decay  is  not  extensive,  the  back  40  percent  of  the  circle,  not  including 
pith  or  scars,  can  be  sawed  off  and  left  in  the  field.   Partial  cross  sections  should 
not  be  made  thicker  or  deeper  than  necessary.   The  chain  saw  and  a  few  cross  sections, 
along  with  an  extra  quart  of  fuel,  can  be  carried  in  an  extra-large,  aluminum- frame 
backpack , 
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Figure  5. — Collecting  a  partial  cross  section  from  a  large  tree. 


1.  SAW  TWO   PARALLEL  CUTS 
ACROSS   CATFACE. 

FOUR  FIRE  SCARS 


2.  MAKE  VERTICAL  CUT  TO 
INCLUDE   PITH. 


8llllp851§^^ 
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3.  CUT  VERTICALLY  ALONG 
BACK  OF  CROSS    SECTION. 


PARTIAL  CROSS  SECTION 
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These  sampling  procedures  may  require  some  adjustment  where  fires  have  destroyed 
extensive  stands.   In  such  regions,  study  areas  should  be  made  large  enough  to  include 
some  of  the  boundaries  of  the  big  burns.   The  extent  of  such  burns  is  often  detectable 
in  patterns  of  forest  development  seen  on  aerial  photographs.   Fire  scar  and   total  age 
information  can  be  obtained  from  (1)  scattered  surviving  trees  within  the  burn,  (2) 
both  young  and  old  trees  (age  classes)  killed  by  the  fire,  (3)  pockets  of  surviving 
forest,  and  (4)  trees  at  the  perimeter  of  the  burn.   Regeneration  can  be  aged  to  help 
date  the  large  burn  itself.   Historical  accounts  are  often  available  for  dating  large 
and  destructive  fires  that  have  occurred  within  the  last  100  years  or  more. 


LABORATORY  ANALYSIS 

Preparing  Cross  Sections 

After  each  day  of  sampling,  cross  sections  should  be  laid  out  for  drying  in  a 
heated  building.   Within  a  week  or  two,  surfaces  should  be  dry  enough  to  sand,  so  that 
rings  can  be  more  accurately  counted  and  examined.   A  disk  sander  attached  to  a  light- 
weight electric  drill,  will  suffice. 

Begin  sanding  with  coarse  disks  (40  to  50  grit)  having  the  heaviest  paper  backing 
available.  Then  use  fine  and  very  fine  (125  grit)  sandpaper  as  necessary  to  bring  out 
the  rings.  It  is  not  necessary  to  sand  the  entire  surface,  but  only  a  moderately  wide 
band  along  and  immediately  behind  the  scars  to  allow  for  a  complete  ring  count.  Other 
sanding  techniques,  including  hand  sanding,  are  preferred  by  some  investigators. 

Counting  Rings 

A  variable-power  binocular  microscope  (7X  to  25X)  is  usually  essential  for  accurate 
counting.   (Sometimes  this  can  be  borrowed  or  rented.)   Select  the  clearest  side  of  the 
cross  section  and  count  inward  from  the  cambium.   Count  1  year  to  the  outer  edge  of  the 
outermost  band  of  (darker)  summerwood,  and  continue  to  count  from  one  band  of  summer- 
wood  to  the  next.  Wetting  the  counting  area  with  water  and  occasionally  slicing  obscure 
rings  with  a  razor  blade  facilitates  counting.   With  a  very  sharp  red  pencil,  mark  a 
dash  (-)  along  every  10th  ring  and  a  plus  (+)  on  each  fire-scar  ring  as  illustrated  in 
figure  6.  An  alternative  for  wood  with  extremely  fine  rings  is  to  puncture  the  ring 
with  a  fine  dissecting  needle.   A  fine  red  dot  should  also  be  placed  near  such  punctures 
because  they  may  disappear  if  the  wood  is  wetted. 

If  the  junction  of  the  scar  ring  and  undamaged  tissue  is  obscured  by  pitch  or  rot, 
count  past  the  scar  ring  to  a  clear  ring  beyond  the  scar.   Then  follow  the  clear  ring 
around  past  the  obstruction  and  count  back  up  to  the  scar  surface. 

Record  the  number  of  years  back  to  the  most  recent  fire  and  between  each  previous 
fire  as  shown  in  table  2.   Rings  should  be  counted  carefully  by  one  person  and  then  ver- 
ified by  another.  On  samples  where  some  of  the  ring  sequence  is  unclear,  the  opposite 
side  of  the  cross  section  (or  the  opposite  facet  of  the  catface,  in  the  case  of  a  full 
cross  section)  should  also  be  counted. 
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Figure   6. — How  rings  are  counted  on  afire-soar  oross  section.      (Every  10th  year  in 
from  the  cambium  is  marked  "-";   scar  rings  are  marked  "+".) 


Table  2. --An  example  of  rino-count  tabulations  from  seven  trees  sampled  in  one  stand.     F  =  fire;  P  =  pith 


T 


Tree  Number 


Cambium        1975          Cambium  1975 

-84  rings     1891 F         -86  rings  1889F 

-30  rings     1861 F        -20  rings  1869F 

-15  rings     1846F         -16  rings  1853F 

-25  rings     1821F        -24  rings  1829F 

-34  rings     1787F         -18  rings  181 1 F 

-46  rings     1741 F         -   9  rings  1802F 

-36  rings  1766F 

-16  rings  1750F 

-14  rings  1736P 


Cambium        1975  Cambii 


1975  Cambium         1975 


-86  rings     1889F         -86  rings  1889F         -86  rings     1889F 

-38  rings     1851F         -30  rings  1859F         -87  rings     1802F 

-49  rings     1802F         -40  rings  1819F         -38  rings     1764P 

-35  rings     1767F        -17  rings  1802F 

-11    rings     1756F        -17  rings  1785F 

-29  rings  1756F 

-17  rings  1739F 


Cambii 


1975 


Cambium  1975 

-99  rings     1876F       -108  rings  1867F 

-29  rings     1847F       -  23  rings  1844F 

-44  rings     1803F       -103  rings  1 741 P 
-55  rings     1748F 
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Correlating  Fire  Chronologies 

Ring  counts  from  each  individual  tree  may  not  be  entirely  accurate  or  coincide  be- 
cause of  pockets  of  obscured  rings  or  rot,  or  due  to  occasional  missing  rings  or  false 
rings.  More  accurate  estimations  of  the  actual  fire  years  can  be  developed  by  combining 
records  from  several  trees  into  a  "master  fire  chronology." 

To  correlate  records  from  individual  trees,  arrange  them  on  a  large  sheet  of  paper 
(such  as  10  line/inch  graph  paper) .   The  chronology  from  each  tree  is  shown  in  a  ver- 
tical column,  and  the  trees  should  be  arranged  in  a  logical  geographic  ordering  so  that 
neighboring  trees  appear  in  adjacent  columns  (fig.  7).   The  top  line  of  each  column 
represents  the  date  of  the  cambial  ring,  usually  the  year  the  samples  were  cut.   Each 
inch  (10  squares)  downward  represents  10  years. 

After  the  10-year  intervals  are  labeled  on  the  edge  of  the  graph  and  adjacent 
trees  are  ordered,  each  individual  tree  chronology  is  plotted.   The  cambial-ring  year 
is  shown  as  a  dash  and  the  pith  year  as  "P."   If  the  pith  was  not  obtained,  the 
earliest  ring  on  record  is  shown  as  an  "E."  Cross  sections  that  were  exceptionally 
clear  (without  periods  of  very  narrow  rings  or  partially  obscured  growth)  are  given 
added  weight:  their  scar  years  are  marked  with  an  "X."  On  cross  sections  where  some 
rings  are  slightly  obscured  and  dates  are  approximate,  scar  years  are  marked  with  a 
solid  dot.   On  cross  sections  especially  difficult  to  interpret,  scar  years  are 
marked  with  an  open  dot . 

Next,  total  the  number  of  trees  scarred  each  year  on  the  right,  as  shown  in  figure 
7.   (Totaling  is  done  for  the  entire  study  area  if  it  is  small,  or  for  each  geographic 
subdivision  of  a  larger  study  area.)   The  probable  fire  years  can  now  be  determined  by 
inspecting  the  plotted  chronologies,  giving  more  weight  to  tree  records  shown  with  an 
"X,"  and  using  the  largest  totals  of  individual  scars  as  an  indication  of  the  probable 
fire  year.   Fire  records  (including  maps  of  burned  areas)  and  historical  accounts  should 
be  examined;  often  these  can  be  used  to  verify  the  year  of  fires  occurring  within  the 
past  century. 

Inspection  of  this  chart  (exemplified  by  fig.  7)  may  reveal  that  part  of  the  record 
for  a  certain  tree  is  consistently  a  few  years  out  of  sequence  with  the  established 
probable  years  (for  example,  tree  number  1  in  fig.  7) .   Often  such  an  individual  chron- 
ology can  be  brought  into  sequence  by  adding  a  few  years  at  one  point  in  time,  thus 
moving  its  scar  dates  back.  This  phenomenon  evidently  results  from  missing  rings  and 
usually  occurs  during  a  period  when  the  tree  grew  at  an  exceptionally  slow  rate.   It 
probably  represents  a  temporary  cessation  of  growth  caused  by  defoliation  or  severe 
fire  injury.   Craighead  (1927)  found  that  some  ponderosa  pines  stopped  forming  annual 
rings  for  as  many  as  5  years  after  defoliation  and  extreme  fire  injury,  although  they 
remained  alive  and  ultimately  resumed  growth. 

In  other  cases,  it  may  be  possible  to  synchronize  an  individual  tree's  fire  chron- 
ology with  those  of  its  neighbors  by  moving  its  scar  dates  forward  slightly  (subtract- 
ing a  few  years).   This  may  be  an  indication  of  false  rings.   These  are  rather  faint 
and  often  discontinuous.   In  the  case  of  cross  sections  that  cannot  easily  be  correl- 
ated with  the  emerging  master  fire  chronology,  it  is  important  to  reexamine  the  ring 
counts  and  the  probable  origin  of  any  questionable  scars. 

Unless  a  tree  has  definite  scars  from  two  fires  within  3  years  of  each  other,  it 
is  best  not  to  hypothesize  separate  fires  occurring  on  the  same  area  at  such  short  in- 
tervals.  This  suggestion  is  made  because  minor  ring  errors  present  in  most  samples  do 
not  allow  for  precise  detection  of  such  close-together  fire  years  without  the  conclusive 
evidence  of  a  dual  scar.   Fires  occurring  4  or  more  years  apart  will  be  distinguishable 
on  the  chronology  graph.   Ring  errors  and  diminishing  sample  size  decrease  the  accuracy 
of  fire-scar  records  more  than  250  years  old;  nevertheless,  fire  frequency  trends  and 
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Figure   7. — Graph  of  the  fire-soar  chronologies  from  the  seven  trees  in  table  2, 
showing  adjustments  to  obtain  a  master  fire  chronology  for  the  stand. 


approximate  fire  years  can  be  determined  by  correlating  fire  records  extending  back 
300  years  or  more  on  a  few  trees. 

When  the  preliminary  master  chronology  is  completed,  individual  tree  chronologies 
should  be  adjusted  to  definite  fire  years  and  recorded  in  a  revised  master  fire  chron- 
ology for  use  in  further  analysis.   The  revised  chronology  (table  3)  lists  fire  years 
by  stand;  it  is  explained  more  fully  in  the  next  section.   At  this  point  it  may  be 
possible  to  integrate  fire-scar  sequences  obtained  from  stumps  and  dead  snags  whose 
cambial-ring  year  is  unknown.   The  intervals  between  fire  scars  on  the  dead  samples 
can  be  compared  with  the  intervals  found  on  nearby  living  trees.   (The  year  of  historic 
logging  operations  or  settlement  can  be  determined  by  correlating  fire  scars  found  on 
remaining  stumps,  or  at  the  butt  of  logs  in  cabins,  with  the  fire  chronology.) 

Table  3. --The  master  fire  chronology  for  a  large  study  area,  showing  the  number  of  sample  trees  scarred 
during  each  fire  year  in  each  stand  and  indicating  fires  that  caused  conifer  regeneration 
(modified  as  an  example  from  Arno  1976) 


Fire 
year 


A.l 
(4)* 


1935 
1908 
1898 

3 

1 

1892 

1889 
1886 

4 
2 

1881 
1871 
1863 

4 
3 
3 

1855 
1847 
1842 

3 
4 

1838 
1828 
1821 

3 

1817 
1811 
1803 

3 

4 

1794 
1785 
1779 

3 
1 

1769 
1766 
1757 

2 

1752 
1750 

1747 

4 

1743 
1734 
1730 

-- 

1720 
1710 
1698 

1 
1 

1686 
1677 
1670 
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1658 
1636 
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-Fire  frequencies  between  1735  and   1900  in  three  study  areas  stratified  by  habitat-type  groups  on  the  Bitterroot  National   Forest 

(modified  as  an  example  from  Arno  1976) 


: Dominant  trees 

Dominant 

Onehorse 

Tolan 

West 

Fork 

Mean 

Mean 

Mean 

Habitat- type  qroups 
(potential   climax) 

:with  continued 

overs tory 

No.  of   :   fire-free 

No.   of 

fire-free 

No.  of 

f ire-fre 

:fire  exclusion 

before  1900 

stands    :    interval 

stands 

interval 

stands 

interval 

(Pfister  and  others 

Descriptive 

General      : (most  abundant 

(most  abundant 

(No.   of   :    (min-max 

(No.   of 

(min-max 

(No.   of 

(min-max 

1977) 

location 

elevations:    tree  first) 

tree  first) 

trees)    :    interval) 

trees) 

interval ) 

trees) 

interval 

(1) 

(2) 

(3)          :            (4) 

(5) 

(6)       :      .(7) 

(8) 

(9) 

(10) 

(11) 

Feet 


A. 

Pinus  ponderosa/Festuca 

idahoensis 
Pseudotsuga  menziesll/          Valley  edge 

Agropyron  spicatum 
Pseudotsuga/Calamagrostis, 

P.   ponderosa  phase 

3800-5000 

Douglas-f1r 
ponderosa  pine 

ponderosa  pine 

1 
(11) 

6  years 
(2-20) 

1 
(4) 

11  years 
(2-18) 

1 
(4) 

10  year 
(2-18) 

. 

Pseudotsuga/Physocarpus 

malvaceus 
Pseudotsuga/Calamagrostis 

(except  Cal.   phase)            Montane  slopes 
Pseudotsuga/Symphorlcarpos 

albus 
Pseudotsuoa/Vac.   globulare 

(except  Xerophyllum  phase) 

4200-6200 

Douglas-f1r 

ponderosa  pine 
Douglas-f1r 
lodgepole  pine 
western  larch 

5 
(46) 

10  years 
(3-31) 

3 
(11) 

16  years 
(4-29) 

4 
(19) 

19  year 
(2-48) 

C 

Abies  grandls  habitat            Moist  canyon 
types 

4300-4700 

grand  fir 

western  larch 
lodgepole  pine 
Doualas-f1r 

1 
(7) 

17  years 

(3-32) 

— 

— 

— 

-- 

[) 

Pseudotsuga/Calamagrostis, 

Calamagrostls  phase 
Pseudotsuga/Vac.   alobulare, 

Xerophyllum  phase               Lower  subalpine 
Abies  laslocarpa/                       slopes 

6000-7500 

subalpine  fir 
Douglas-fir 

lodgepole  pine 
Douglas-f1r 

1 
(9) 

17  years 
(3-33) 

3 
(16) 

27  years 
(5-62) 

3 
(13) 

28  year 
(5-67) 

Xerophyllum  tenax 
Abies  las1ocarpa/Menz1es1a 

ferruginea 
Abies  laslocarpa/Unnaea 

borealis 

Abies   laslocarpa/Luzula 

hitch cock11 
Abies  las1ocarpa-P1nus 

alb1caul1s/Vac. 

scoparlum 
Pinus  albicaul1s-Ab1es 

laslocarpa 


Upper  subalpine 
slopes 


7500-8600     subalpine  fir      whHebark  pine 
whltebark  pine     lodgepole  pine 


1 

41   years 

2 

30  years 

2 

33  year 

(3) 

(8-50) 

(14) 

(4-78) 

(14) 

(2-68) 

Designating  Stands 

On  large  study  areas,  stands  should  be  delineated  to  aid  analysis  of  fire  frequen- 
cies, as  follows:   List  all  the  habitat  types  encountered  at  sample-tree  sites  and 
arrange  them  in  an  ecological  order  (for  instance,  by  climax  series  and  from  dry-to- 
moist  or  warm-to-cold  within  each  series) .   Record  the  numbers  of  the  trees  sampled  in 
each  habitat  type.   Group  minor  habitat  types  on  the  study  area  with  more  prevalent  ones 
that  are  closely  related.   List  the  elevation,  aspect,  and  percent  slope  at  each  sample 
tree  and  summarize  these  for  each  major  habitat  type.   Wherever  site  parameters  overlap 
substantially,  major  habitat  types  can  be  combined.   The  goal  is  to  establish  habitat- 
type  groups  that  can  be  extrapolated  to  adjacent  areas.   Table  4  shows  an  example  of 
such  groups  used  on  a  fire  history  study  in  the  Bitterroot  National  Forest. 

After  some  of  these  habitat-type  groups  have  been  tentatively  established,  plot  all 
sample  trees  on  a  topographic  map  of  the  study  area  and  write  in  the  habitat -type  group 
found  at  each  of  these  points.   Inspect  the  map  to  see  if  it  shows  several  (4  to  10) 
sample  trees  on  the  same  habitat-type  group  within  areas  of  a  few  hundred  acres.   If 
sample  trees  in  a  given  habitat- type  group  are  more  dispersed  than  this,  enlarge  or 
redefine  the  habitat -type  groups  so  that  several  sample  trees  from  each  habitat-type 
group  occur  within  areas  of  a  few  hundred  acres. 

These  assemblages  of  sample  trees  (on  similar  habitat  types)  should  be  outlined 
on  the  map,  and  will  now  be  referred  to  as  "stands."  Figure  8  shows  an  example  of  such 
stands  outlined  on  a  topographic  map.   The  final  habitat-type  groups  should  be  assigned 
a  letter  code  (A,  B,  etc.),  and  each  stand  a  number;  thus  "B.3"  is  the  code  designating 
the  third  stand  in  habitat-type  group  B.   Stands  should  be  shown  by  their  letter- 
number  code  on  the  map. 


20 


D.2 


WEST  FORK  STUDY  AREA 

PART  A 


Fvgure  8.  — Topographic  maps 
of  two  study  areas  show- 
ing sample  trees    (numbers) 
and  stands  by  habitat- type 
groups    (letter-number 
code ) .      Compare  part  A 
with  table  4,    column   10. 
Compare   part  B  with 
table  4,   column  6. 
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Calculating  Fire  Frequency 

The  stands  and  habitat -type  groups  can  now  be  used  for  calculating  fire  frequencie 
(fire-free  intervals)  on  an  area  basis.   First,  however,  logical  time  periods  must  alsc 
be  established  for  calculating  fire  frequencies.   For  instance,  the  most  recent  period 
(of  perhaps  40  to  60  years,  depending  upon  the  area)  can  be  assigned  as  the  "fire 
suppression"  period,  reflecting  the  time  period  when  organized  suppression  was  well 
established  and  effective. 

By  contrast,  suppression  activities  were  generally  minimal  in  forested  areas  of  th 
Mountain  West  prior  to  1900;  thus  that  year  might  be  chosen  as  the  end  of  the  "historic 
fire"  period,  reflecting  the  time  when  forest  fires  were  caused  primarily  by  lightning 
and  native  Indians.   In  some  areas  miners  or  settlers  may  have  set  many  forest  fires 
in  the  late  1800' s,  necessitating  the  delineation  of  still  another  fire  period  (for 
example,  "settlement-era  fire  period"  1860-1910) . 

The  beginning  date  chosen  for  analysis  of  the  "historic  fire"  period  will  depend 
upon  how  far  back  the  fire-scar  records  extend.   It  can  be  chosen  arbitrarily  but 
independently  of  actual  fire-scar  years.   For  instance,  in  one  study  (Arno  1976)  the 
year  1735  was  selected  because  it  was  the  earliest  date  when  at  least  five  sample  trees 
were  alive  in  each  stand,  and  thus  could  have  recorded  a  fire.   Later,  two  additional 
areas  were  studied  in  the  same  National  Forest,  and  it  was  determined  that  each  had 
adequate  fire-scar  records  extending  back  at  least  to  1735.   Consequently,  1735  to  190C 
was  then  used  as  a  standardized  period  enabling  direct  comparison  of  relative  frequen- 
cies among  all  the  study  areas. 

Before  deciding  upon  fire  frequency  periods,  graph  the  number  of  sample  trees 
scarred  during  each  fire  year  and  the  total  number  of  "fire-susceptible  trees"  (trees 
already  having  been  scarred  at  least  once)  in  the  sample,  as  illustrated  in  figure  9. 
Note  that  sample  size  diminishes  markedly  toward  early  years  of  the  record,  and  take 
this  into  account  when  evaluating  fire  frequencies  throught  the  record.  Identify  and 
consider  any  obvious  changes  in  historic  fire  frequencies  during  the  period  of  record 
when  establishing  frequency  periods. 
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Figure  9. — Number  of  sample  trees  scarred  each  fire  year  and  the  total  number  of  fire- 
susceptible  trees  in  the  sample    (data  from  Arno  1976).      A  tree  is  considered  fire 
susceptible  on  the  date  of  the  first  scar  and  thereafter. 
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Table  5. --An  example  of  fire  frequency  calculations  for  different  stands  within  a 
single  study  area  (Arno  1976).  Stand  locations  are  shown  in  figure  8B, 
Onehorse  Study  Area 


Stand 


No.  of 
sample 
trees 


Time  period  1735  to  1900 


No.  years    Total      Fire 
in  period  t  no.  fires  =  frequency 


Minimum  and  maximum 
fire-free  interval 


A.l 
B.l 
B.2 
B.3 
B.4 
B.5 
C.l 
D.l 


11 

10 

9 

10 
9 
8 
9 
9 


Years 


Years 


165 

29 

5.7 

2  & 

20 

165 

24 

6.9 

3  A 

21 

165 

18 

9.2 

3  & 

28 

165 

15 

=   11.0 

3  & 

31 

165 

24 

6.9 

3  & 

15 

165 

12 

13.8 

3  & 

31 

165 

10 

16.5 

3  & 

32 

165 

10 

16.5 

3  & 

33 

After  the  "historic  fire  frequency"  period  has  been  established,  see  how  far  back 
in  time  comparable  frequencies  were  recorded.   For  example,  in  figure  9  the  analysis 
period  was  1735  to  1900,  but  it  was  reasoned  that  comparable  frequencies  extended  back 
to  about  1630  (see  also  table  3).   Thus,  rates  established  on  the  basis  of  a  165-year 
interval  were  apparently  representative  for  a  period  of  about  270  years  (1630  to  1900). 

It  may  be  desirable  also  to  calculate  fire  frequencies  for  the  transition  period 
(for  example,  1900  to  1925)  between  the  "historic"  and  "suppression"  periods. 

An  example  of  fire  frequency  calculations  for  such  periods  is  shown  in  table  5. 
The  mean,  minimum,  and  maximum  fire-free  intervals  are  shown  for  each  stand.   Mean 
intervals  can  be  averaged  for  all  stands  in  a  habitat-type  group.   For  example,  the 
five  stands  in  habitat  type  group  B,  table  5,  have  a  mean  fire-free  interval  of 
10  years--this  mean  is  shown  in  column  7  of  table  4.   This  facilitates  comparison  of 
fire  frequencies  from  one  study  area  to  another  in  similar  habitat  types,  as  shown  in 
table  4.  Also,  comparing  values  from  the  "historic"  and  "suppression"  periods  will 
indicate  the  effect  of  suppression  on  fire  frequency. 

Analyzing  Age  Classes 

The  first  major  step  in  age-class  analysis  is  to  count  annual  rings  on  the  incre- 
ment cores  gathered  in  field  transects.   Counts  should  be  made  using  a  variable-power 
binocular  microscope,  with  the  cores  wetted,  shaved,  and  sanded  as  necessary.   Counts 
begin  at  the  cambium  and  progress  to  the  pith  as  was  done  in  cross-section  analysis. 
Every  10th  ring  (outer  edge  of  summerwood  band)  should  be  marked  with  a  fine  red  line 
(or  a  dissecting-needle  puncture)  and  every  fifth  ring  with  a  dot.   Counts  are  made  to 
the  innermost  ring  or  the  pith  and  written  on  the  core  board  next  to  the  field  data  for 
that  tree,  as  shown  in  figure  3. 

Where  an  increment  core  missed  the  pith,  the  number  of  additional  rings  to  the  pith 
is  estimated  by  considering  the  curvature  and  thickness  of  the  innermost  rings.   As 
illustrated  in  figure  3,  it  is  helpful  to  draw  the  circles  represented  by  the  arc  of 
the  inner  rings,  using  a  compass,  and  then  extrapolate  a  similar  ring  width  to  the  pith. 
The  estimated  number  of  additional  years  to  the  pith  is  then  written  next  to  the  ring 
count  with  a  plus  sign  (for  example,  "86  +  4") . 

After  the  counts  are  completed  and  verified,  they  should  be  tabulated  by  plot. 
Total  ages  of  trees  from  each  plot  are  listed  in  chronological  order  as  shown  in  figure 
10.  To  obtain  the  total  age,  add  an  estimate  of  the  number  of  years  for  establishment 
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Figure  10. — Age-class  designations  based  upon  increment  borings  of  serai  trees  taken  in 
stand  D.3  shown  in  table  3.     Each  dot  represents  total  tree  age,   based  on  an  increment 
core  plus  5  years  to  reach  boring  height    (1  foot). 

and  growth  to  boring  height  (1  foot,  30  cm).   Such  factors  can  be  worked  out  by  cutting 
and  aging  large  numbers  of  seedlings  of  various  species  on  various  sites.   However, 
considering  all  the  variables,  it  may  be  necessary  to  use  a  general  factor--for  example, 
5  years  for  trees  bored  at  1  foot  on  the  Bitterroot  National  Forest  (Arno  1976) .   The 
increment-boring  data  can  be  augmented  by  including  the  total  age  of  cross-sectioned, 
fire-scarred  trees  with  the  sample  from  the  nearest  appropriate  plot;  only  serai  species 
should  be  used,  however. 

List  the  total  ages  of  individual  trees  by  plot,  inspect  them,  and  designate  possi- 
ble age  classes  as  in  figure  10.  At  least  two  similar  ages  are  necessary  for  designat- 
ing an  age  class.   Because  of  field  sampling  procedures,  most  age  classes  will  be 
identified  by  three  or  more  trees. 
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Once  the  tentative  age  classes  have  been  assigned,  based  on  the  oldest  tree  in 
each  class,  the  next  step  is  to  test  for  correlations  between  age  classes  and  the  fire- 
scar  chronology.   Consult  the  study  area  map  and  find  the  stand  number  (fig.  8)  that 
applies  to  each  age-class  plot.   Plots  isolated  from  designated  stands  should  be 
analyzed  separately,  afterwards. 

The  next  step  is  to  examine  apparent  correlations  between  each  tentative  age  class 
and  the  fire  years  identified  on  that  stand.   For  example,  if  an  age  class  is  115  years 
(total  age  of  the  oldest  trees  in  the  class)  in  1975,  one  would  expect  it  to  have  re- 
sulted from  a  fire  occurring  only  one  or  a  few  years  before  1860.   We  can  check  the 
master  fire  chronology  (table  3)  to  see  if  a  fire  was  detected  (via  scars)  in  that 
stand  a  few  years  prior  to  1860.   Ten  or  twelve  years  might  be  considered  to  be  a 
reasonable  maximum  interval  for  initial  establishment  after  fire  on  most  sites. 
Longer  intervals  are  reasonable  after  very  large  stand-destroying  fires. 

If  there  is  no  fire-scar  evidence  during  the  preceding  years  and  the  age  class 
seems  rather  definite,  inspect  fire-scar  records  from  neighboring  stands.   If  they  show 
a  definite  fire,  one  can  assume  that  it  actually  spread  into  this  stand  although  it 
did  not  scar  the  sample  trees.   Another  possibility  is  that  very  few  trees  in  the 
entire  area  survived  that  fire.   If  this  is  the  case,  age-class  data  from  other  plots 
and  transect  notes  will  confirm  it.  Age  classes  not  ascribable  to  any  of  the  above 
situations  apparently  are  not  related  to  fire. 

Considerable  insight  regarding  the  historic  role  of  fire  in  age-class  structure 
of  forests  can  be  obtained  by  incorporating  the  age-class  data  into  the  fire  chronol- 
ogies for  each  stand  as  shown  in  table  3.   If  these  data  show  that  age  classes  of  serai 
species  were  apparently  established  without  fire,  this  suggests  that  other  agents  such 
as  epidemics  of  native  insects  or  diseases  or  massive  blowdowns  were  responsible.   If 
these  data  (table  3)  show  that  certain  fires  were  not  followed  by  pronounced  regenera- 
tion, regeneration  may  have  been  destroyed  by  subsequent  fire  before  the  trees  had 
grown  large  enough  to  withstand  fire.   (The  fire  records  should  be  checked  for  this 
possibility.)   Another  possibility  is  that  creeping  ground  fires  did  not  kill  enough  of 
the  stand  to  allow  for  a  new  age  class. 

Mapping  Historic  Fires 

The  size  and  perhaps  the  configuration  of  historic  fires  can  be  found  by  plotting 
fire  evidence  on  a  small  map  of  the  study  area  (fig.  11).   Map  each  fire  year  (from  the 
master  chronology)  separately.   Indicate  locations  of  trees  scarred  that  year  by  placing 
an  "s"  next  to  the  dot  representing  that  tree.   Indicate  regeneration  attributed  to 
that  fire  year  by  drawing  an  "r"  in  the  correct  plot  location.   Using  this  evidence  of 
the  fire,  one  can  now  roughly  outline  the  area  covered.   Aerial  photos  and  fire  sup- 
pression records  may  also  be  useful.   Heinselman  (1973)  and  Tande  (1977)  have  made 
detailed  maps  showing  areas  covered  by  many  individual  fires  during  the  course  of 
two  centuries. 


25 


1892  FIRE 


1889  FIRE 


1881  FIRE 


1871  FIRE 


; 
l 

SCAIE 

l/7            |M.I 

i 

*l 


Figure  11. — Maps  showing  the  apparent  extent  of  fives  by  year  on  a  study  area. 

'  =  sample  trees t   s  =  soar  on  that  tree  that  year,   r  =  regeneration  from  that  fire 
detected  in  that  stand. 
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INTERPRETATIONS 


By  inspecting  the  results  of  these  various  analyses,  the  investigator  can  summar- 
ize fire  frequencies  for  both  the  "historic"  and  "suppression"  periods  by  habitat  types. 
He  can  document  effects  of  natural  fire  on  forest  composition  and  stand  structure  by 
habitat  type  (columns  4  and  5,  table  4).   Using  current  timber  type  (timber  inventory) 
and  habitat-type  information,  he  can  estimate  the  probable  effects  of  current  fire 
management  on  forest  composition,  stand  structure  and,  possibly,  fuel  accumulations. 
Considering  fire  frequencies  and  relating  the  maps  of  historic  fires  to  the  surviving 
tree  growth  as  well  as  to  age-class  information  in  general,  he  can  interpret  relative 
fire  intensities  experienced  in  the  various  stands  and  habitat  types.   Stand-destroying 
fires,  for  instance,  will  be  obvious  from  age-class  data,  since  no  surviving  trees  are 
to  be  found  except  for  widely  scattered  veterans  that  generally  have  a  scar  dating  to 
that  fire.  Maximum  historic  intervals  between  natural  fires  can  be  compared  with 
intervals  during  the  suppression  period  to  judge  ecological  implications. 

This  information  on  fire  history  and  vegetation  can  be  correlated  with  fuel  inven- 
tories, insect  and  disease  information,  wildlife-habitat  trends,  etc.,  to  estimate 
the  effects  of  various  types  of  fire  management  practices.   Thus,  these  findings  should 
also  help  in  selection  of  reasonable  goals  and  methods  for  fire  and  fuel  management. 
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RESEARCH  SUMMARY 

To  implement  the  concept  of  fire  management  and  provide  a  standard  terminology, 
this  paper  proposes  a  standard  fire  use  plan  and  report  format. 

A  successful  prescribed  fire  is  described  as  one  that  is  executed  safely,  burns 
under  control,  accomplishes  the  prescribed  treatment,  and  attains  the  land  and  re- 
source management  objectives  for  the  area  involved.  The  following  information  is 
required  for  fire  use  planning: 

1.  Physical  and  biological  characteristics  of  the  site  to  be  treated. 

2.  Land  and  resource  management  objectives  for  the  site  to  be  treated. 

3.  Known  relationships  between  preburn  environmental  factors,  expected  fire  be- 
havior, and  probable  fire  effects. 

4.  The  existing  art  and  science  of  applying  fire  to  a  site. 

5.  Previous  experience  from  similar  treatments  on  similar  sites. 

The  fire  use  plan  and  report  format  has  four  parts.  In  Part  1,  Treatment  Area  and 
Objectives,  the  planner  states  the  purpose  of  the  plan;  describes  the  physical  and  bio- 
logical characteristics  of  the  site;  and  identifies  land  management  objectives,  treatment 
constraints,  treatment  objectives,  and  treatment  alternatives. 

The  information  assembled  in  Part  1  is  used  to  write  Part  2,  Fire  Prescription. 
The  planner  defines  the  results  desired,  the  desired  fire  behavior,  and  the  condition 
under  which  the  fire  must  burn.  He  is  further  asked  to  describe  treatment  strategy, 
preburn  monitoring  needs,  and  how  the  fire  will  be  evaluated. 

The  Burning  Plan,  Part  3  of  the  plan,  is  based  on  Part  2  and  is  the  action  plan. 
The  planner  must  specify  all  the  tasks  involved  in  the  preparation  for  burning,  pre- 
burn monitoring,  ignition,  holding,  mopup,  and  evaluation.  For  each  task  identified, 
the  plan  should  tell  when  and  how  it  will  be  done  and  who  will  do  it. 

Part  4  is  the  Report.  It  is  designed  to  evaluate  the  plan  in  terms  of  the  fire  and 
its  effects.  Information  requested  concerns  the  actual  accomplishment  by  the  fire,  the 
actual  fire  behavior,  the  environmental  conditions  under  which  the  fire  burned,  and  the 
cost.    Observations  and  recommendations  are  also  requested. 


INTRODUCTION 


A  new  philosophy  called  "fire  management"  (Moore  1974;  DeBruin  1976;  Kilgore  1976) 
has  changed  the  attitudes  of  many  natural  resource  managers  toward  fire  protection  and 
use.  A  generally  accepted  definition  of  fire  management  does  not  exist  although  several 
have  been  suggested  (Barney  1975;  Simard  1976).   Fire  management  is  difficult  to  define 
because  the  term  is  used  to  represent  both  a  land  management  philosophy  and  a  land 
management  activity.  As  a  management  philosophy,  fire  management  suggests  that  fire, 
in  an  ecological  sense  as  well  as  a  protection  sense,  should  be  considered  when  devel- 
oping land  and  resource  management  objectives  and  that,  once  these  objectives  have  been 
set,  fire-related  activities  should  be  designed  to  support  their  accomplishment.   As  a 
land  management  activity,  fire  management  includes  all  the  tasks  related  to  the  protec- 
tion of  forests  from  unwanted  fire,  the  use  of  fire  to  accomplish  management  objectives, 
and  the  inclusion  of  fire  considerations  in  land  and  resource  management  plans. 

The  purpose  of  this  paper  is  to  propose  a  fire  use  plan  and  report  format  to  imple- 
ment the  concept  of  fire  management  and  to  provide  a  standard  terminology.   For  example, 
the  terms  "fire  prescription"  and  "burning  plan"  are  often  used  as  synonyms.   In  the 
proposed  format  these  terms  have  very  specific  and  different  meanings.   This  paper  lists 
the  elements  that  should  be  considered  when  planning  fire  use.   It  does  not  tell  how 
detailed  the  information  relating  to  these  elements  needs  to  be.   The  required  reso- 
lution and  precision  of  needed  information  should  be  specified  in  prescribed  fire 
guidelines.  The  guidelines  can  be  written  for  local  or  regional  areas  or  for  individual 
vegetative  types.  The  fire  use  planning  format  proposed  here  can  be  used  as  an  outline 
for  the  organization  and  content  of  such  prescribed  fire  guides. 


FIRE  USE  PLANNING 


From  a  fire  management  perspective,  a  successful  prescribed  fire  is  one  that  is 
executed  safely,  burns  under  control,  accomplishes  the  prescribed  treatment,  and  attains 
the  land  and  resource  management  objectives  for  the  area  involved.   Successful  pre- 
scribed burning  requires  planning.   Such  planning  should  be  based  on  the  following 
factors: 

1.  Physical  and  biological  characteristics  of  the  site  to  be  treated. 

2.  Land  and  resource  management  objectives  for  the  site  to  be  treated. 

3.  Known  relationships  between  preburn  environmental  factors,  expected  fire 
behavior,  and  probable  fire  effects. 

4.  The  existing  art  and  science  of  applying  fire  to  a  site. 

5.  Previous  experience  from  similar  treatments  on  similar  sites. 


The  proposed  fire  use  plan  is  designed  to  direct  the  prescribed  fire  planner 
through  the  above  factors  in  a  logical  sequence.   The  proposed  report  is  designed  to 
provide  a  written  record  of  actual  prescribed  burning  experience  that  the  planner  can  use 
when  writing  subsequent  plans.  The  actual  form  of  the  resultant  plan  is  left  to  the 
judgment  of  the  planner  or  to  the  needs  of  his  employer.   Some  prefer  fill-in-the-blank 
plans  while  others  favor  narrative  plans  that  vary  according  to  the  complexity  of  the 
planned  fire.  The  primary  concerns  here  are  the  thought  process  involved  in  planning 
fire  use  and  the  technical  validity  of  the  plan  produced.   One  final  point  before  con- 
sidering the  proposed  format:  it  is  assumed  the  decision  to  use  fire  has  already  been 
made.   It  is  further  assumed  the  decision  to  burn  is  compatible  with  land  and  resource 
management  objectives  for  the  area  and  these  objectives  are  defensible  from  an  ecolog- 
ical standpoint. 


THE  FIRE  USE  PLAN  AND  REPORT 


The  fire  use  plan  and  report  format  is  in  four  parts.   The  first  part  deals  with 
the  planned  fire  treatment  and  the  site  to  be  treated.   The  prescribed  fire  planner  is 
asked  to  describe  the  biological  and  physical  characteristics  of  the  site  and  to  define 
the  treatment  objectives  in  terms  of  land  and  resource  management  objectives.   The 
planner  is  also  asked  to  identify  all  constraints  that  bear  upon  how  prescribed  fire 
can  be  applied  to  the  area. 

The  information  assembled  in  Part  1  is  used  to  write  the  fire  prescription,  which 
is  Part  2  of  the  proposed  format.  The  first  step  in  writing  a  fire  prescription  is  to 
further  define  the  treatment  objectives  in  terms  of  the  type  and  amount  of  work  the  fir 
must  do.   This  is  a  critical  task  in  the  planning  process.   How  well  the  fire  accomp- 
lishes the  desired  work  becomes  the  measure  by  which  success  or  failure  of  the 
prescribed  fire  will  be  judged.   Once  the  fire's  work  has  been  specified,  the  planner 
must  draw  upon  existing  knowledge  of  fire  behavior  and  fire  effects  to  determine  (1) 
the  type  of  fire  behavior  desired,  (2)  the  environmental  conditions  under  which  the  fir 
is  likely  to  behave  as  desired,  and  (3)  the  burning  techniques  that  must  be  used  to  get 
fire  to  behave  as  desired  under  these  environmental  conditions. 

The  burning  plan,  Part  3  of  the  proposed  format,  is  based  upon  the  fire  prescrip- 
tion. The  burning  plan  is  the  action  plan,  or  project  work  plan,  for  a  prescribed  fire 
It  translates  the  fire  prescription  into  on-the-ground  tasks  that  must  be  performed 
before,  during,  and  after  the  fire.   For  each  task  identified,  the  plan  should  tell  whe 
and  how  it  will  be  done  and  who  will  do  it.  The  needed  equipment  and  supplies  are 
listed  and  the  cost  of  the  project  is  determined.   A  properly  prepared  burning  plan 
becomes  the  only  document  needed  by  the  people  responsible  for  conducting  the  planned 
prescribed  fire. 

Part  4  of  the  report  is  designed  to  evaluate  the  plan  in  terms  of  the  fire  and  its 
effects.  The  purpose  of  this  evaluation  is  to  provide  information  for  future  fire  use 
planning  efforts.  Too  often  such  information  is  lost  or  only  partially  used  by 
prescribed  fire  planners.   Prescribed  fire  planners  should  keep  a  file  of  those  reports 
indexed  appropriately  for  fast  retrieval,  and  use  them  as  a  tool  for  fine-tuning 
subsequent  fire  prescriptions  and  burning  plans.   Fire  information  systems  such  as 
FIREBASE  (Taylor  and  Eckels  1977)  might  be  used  to  store  and  retrieve  such  information. 


An  expanded  outline  of  the  proposed  fire  use  plan  and  report  format  follows: 

Part  1  —  Treatment  Area  and  Objectives 

1.1  Purpose  of  Plan- -State  briefly  and  in  general  terms  the  type  of  treatment  planned 
and  its  purpose.   For  example: 

--prescribed  broadcast  fire  for  hazard  reduction  and  site  preparation  on  a 
35-acre  (14. 2-hectare)  clearcut  unit  containing  larch/fir  logging  slash 

--prescribed  broadcast  fire  for  elk  winter  range  improvement  on  a  500-acre 
(202.3  hectare)  low  elevation  mountain  shrubland 

--prescribed  broadcast  fire  for  rejuvenation  of  350  acres  (141.6  hectares) 
of  little  bluestem  grassland. 

The  only  purpose  of  this  statement  is  to  identify  the  type  of  activity  being 
planned.   Such  a  statement  would  logically  follow  the  decision  to  use  fire,  which  has 
already  been  made. 

1.2  Treatment  Area-- Identify  and  describe  the  physical  and  biological  characteristics 
of  the  area  to  be  treated.  Use  maps,  graphs,  tables,  etc.,  to  show: 

--size  of  area 

--location 

--elevation 

--landforms  (slope  and  aspect) 

--soil  types  (erodibility,  susceptibility  to  damage) 

--vegetation  (species,  cover  types,  habitat  types) 

--down  and  dead  fuels  (amount,  size  class  distribution,  depth,  continuity, 

etc.) 
--climate  and  weather  patterns  (seasonal  averages,  probability  of  occurrence 

of  different  weather  patterns,  etc.) 
--wildlife  and  wildlife  habitats. 

Information  on  the  above  items  often  exists  in  ready  to  use  form  in  land  management 
plans,  environmental  statements  and  reports,  resource  management  plans,  and  summaries 
of  land  and  resource  inventories. 

1.3  Land  Management  Objectives- -Summarize,  very  briefly,  the  land  and  resource  manage- 
ment objectives  and  management  guidance  for  the  area  to  be  treated.   Refer  to 
appropriate  land  management  plans,  resource  management  plans,  silvicultural 
prescriptions,  fire  management  plans,  and  other  sources.   For  example  (USDA  Forest 
Service  1977) : 

Management  Objectives --The  management  objectives  for  the  National  Forest  land 
within  this  management  unit  are  to  (1)  protect  the  aquatic  environment  by 
maintaining  water  quality  for  onsite  and  offsite  use,  (2)  maintain  the  visual 
quality  of  the  unit  as  reviewed  from  the  major  travel  routes,  and  (3)  manage 
the  timber  resource  to  maintain  a  healthy,  productive  forest  within  con- 
straints imposed  by  watershed  and  visual  concerns. 

Management  Guidance   (National  Forest  Land) --Slash  disposal  will  be  complete 
enough  to  provide  for  free  movement  of  wildlife  through  the  management  unit. 
Generally  this  means  that  slash  concentrations  more  than  1-1/2  feet  deep  must 
be  eliminated. 


1.4  Treatment  Constraints --Identify  and  define  all  constraints  that  bear  upon  how 
treatment  can  be  applied.   Consider: 

--environmental  constraints  (air  quality,  water  quality,  accelerated  erosion) 
--multiple  use  constraints  (protection  of  other  uses,  resource  management 

trade-offs) 
--economic  constraints  (maximum  cost/acre) 
--operational  constraints  (access,  terrain,  manpower,  etc.) 
--administrative  constraints  (agency  policy,  rules,  etc.) 
--legal  constraints  (State  fire  laws,  forest  practice  acts,  etc.). 

Constraints  are  usually  identified  in  the  land  management  plan  for  the  area  to  be 
treated.   Other  sources  are  agency  rules,  regulations,  and  policy;   State  and  Federal 
laws;  production  rates  and  operational  capabilities  of  men  and  machines;  and  project 
budgets . 

1.5  Treatment  Objectives- -State  in  terms  of  land  or  resource  management  objectives 
referred  to  in  section  1.3  and  any  constraints  listed  in  section  1.4.   For  example: 

--reduce  potential  rate-of-spread  to  "low,"  provide  for  free  movement  by  wild- 
life, regenerate  area  naturally  with  1,000  western  larch  seedlings  per  acre. 

--increase  the  amount  of  redstem  ceanothus  on  the  area,  rejuvenate  decadent 
shrubs  to  make  them  more  available  and  palatable  for  elk,  and  set  back 
conifer  encroachment. 

1.6  Treatment  Alternatives- -Identify  acceptable  alternatives  to  the  use  of  fire,  if 
this  was  not  done  preceding  the  decision  to  use  fire.   State  why  they  were  not 
chosen. 

This  information  can  be  important  under  certain  circumstances  whereby  the  manager 
must  set  priorities  for  burning  because  of  time  or  manpower  constraints.   For  example, 
the  prescribed  burning  season  might  be  shorter  than  expected  due  to  persistence  of 
adverse  summer  burning  conditions  into  the  fall.   In  such  a  situation,  efforts  can  be 
concentrated  on  burning  those  areas  for  which  no  acceptable  nonfire  alternative  exists. 

Part  2  —  Fire  Prescription 

2 . 1  Treatment  Specifications 

2.11  Desired  accomplishment --State.,  in  precise  terms,    the  work  the  fire  needs  to 
do,    i.e.: 

--inches  or  percent  of  duff  to  be  removed 
--amount  or  percent  of  fuels  to  be  reduced  by  size  class 
--amount  or  percent  of  mineral  soils  to  be  exposed 
--vegetation  to  be  killed  or  otherwise  treated  by  species. 

2.12  Desired  fire  behavior--Define  the  kind  of  fire  needed  to  accomplish  desired 
work  while  complying  with  any  treatment  constraints  listed  in  1.4,  i.e.: 

--rate-of-spread  (fast  or  slow--specify  acceptable  range) 
--fire  intensity  (hot  or  cool--specify  acceptable  range) 
--flame  height  (especially  if  burning  under  a  timber  stand) 
--flame  length. 

To  obtain  this  information,  use  prescribed  fire  guidelines,  fire  models,  fire 
effects  literature,  consultation  with  experts,  etc. 


2.13  Required  environmental  conditions—Define  the  conditions,  or  range  of  con- 
ditions, necessary  to  obtain  the  desired  fire  behavior  and  effects.   Use 
prescribed  fire  guidelines,  fire  models,  consultation  with  experts,  etc. 
Consider: 

--fuel  moistures 

--duff  moisture 

--windspeed  and  direction 

--soil  moisture 

--temperature 

--relative  humidity 

--physiological  condition  of  vegetation  (cured,  dormant,  etc.) 

2.2  Treatment  Strategy- -Describe  the  sequence  of  events  needed  to  achieve  the  treat- 
ment objectives  and  identify  the  tasks  necessary  for  success: 

--preburn  tasks  (slashing,  snag  felling,  fireline  construction,  etc.) 
--ignition  technique  (strip  headfire,  center  fire,  etc.) 
--ignition  methods  (remote,  drip  torch,  grenades,  etc.) 
--firing  pattern  or  sequence. 

2.3  Preburn  Monitoring- -Briefly  describe  how  the  area  will  be  monitored  to  decide  when 
conditions,  specified  above  in  2.13,  are  correct  for  burning.   Indicate  the  measure- 
ments to  be  taken,  where  they  will  be  taken,  and  the  precision  needed.  Consider 
the  need  for  fuels  inventory,  fuel  and  duff  moisture  measurements,  weather  measure- 
ments, etc. 

2.4  Evaluation- -briefly   describe  how  the  treatment  area  will  be  evaluated  to  determine 
if  treatment  objectives,  specified  above  in  2.11,  were  met.   Specify  measurements 
to  be  taken  during  the  fire  to  evaluate  fire  behavior  and  measurements  to  be  taken 
after  the  fire  to  evaluate  fire  effects. 

Part  3  —  Burning  Plan 

3.1  Preparation  for  Burning--For   each  preburn  task  identified  in  2.2  of  the  prescrip- 
tion, specify: 

--what  will  be  done 

--when  it  will  be  done 

--how  it  will  be  done 

--who  will  do  it 

--equipment  and  supplies  needed 

--cost. 

3.2  Preburn  Monitoring --For  each  monitoring  task  identified  in  2.3  of  the  prescription, 
specify: 

--what  will  be  done 

--when  it  will  be  done 

--how  it  will  be  done 

--who  will  do  it 

--equipment  and  supplies  needed 

--cost. 


3.3  Ignition- -On   a  map  of  the  area  to  be  burned,  indicate  ignition  plan.   Show  sequence 
of  ignition,  placement  of  ignition  crew,  kind  and  location  of  ignition  devices, 
etc.,  specify: 

--what  will  be  done 

--when  it  will  be  done 

--how  it  will  be  done 

--who  will  do  it 

--equipment  and  supplies  needed 

--cost. 

3.4  Holding-- Indicate  on  a  map  of  the  burn  area  placement  of  men  and  equipment  for 
holding  fire  in  planned  area.   Indicate  how  escapes  will  be  dealt  with,  specify: 

--what  will  be  done 

--when  it  will  be  done 

--how  it  will  be  done 

--who  will  do  it 

--equipment  and  supplies  needed 

--cost. 

3.5  Mopup- -Describe  plans  or  mopup  and/or  patrol  after  the  fire  has  been  conducted, 
specify: 

--what  will  be  done 

--when  it  will  be  done 

--how  it  will  be  done 

--who  will  do  it 

--equipment  and  supplies  needed 

--cost. 

3.6  Evaluation- -For  each  evaluation  task  listed  in  2.4  of  the  prescription,  specify: 

--what  will  be  done 

--when  it  will  be  done 

--how  it  will  be  done 

--who  will  do  it 

--equipment  and  supplies  needed 

--cost. 

3.7  Cost  Summary- -Summarize  planned  costs  for  manpower,  equipment,  and  supplies. 

Part  4  -  Report 

4.1  Accomplishment- -State  in  precise  terms  the  actual  accomplishment  of  the  fire.   For 
example,  3  inches  (7.6  cm)  of  duff  removed;  20  percent  of  area  bare  to  mineral 
soil.   Relate  this  to  the  desired  accomplishment  listed  in  2.11  of  the  fire 
prescription. 

Timing  of  fire  effects  evaluation  is  important.   Some  effects  are  apparent 
immediately  after  the  fire  and  should  be  evaluated  within  a  week.   Other  effects 
might  not  be  apparent  until  the  start  of  the  subsequent  growing  season.   In  such 
situations,  the  report  should  be  revised  to  include  the  longer  term  effects  after 
they  have  been  evaluated. 

4.2  Fire  Behavior- -State  the  actual  fire  behavior  that  occurred.   Relate  this  to 

desired  fire  behavior  described  in  2.12  of  the  fire  prescription.   Quantify,  if 
possible. 


.3  Environmental  Conditions- State   the  actual  fuel  moisture,  weather  conditions,  and 
other  designated  environmental  factors  that  preceded  the  fire  and  that  occurred 
during  the  fire.   Relate  to  those  specified  in  2.13  of  the  fire  prescription. 

.4  Cost-State   actual  costs  incurred.   Explain  any  differences  from  estimated  costs. 

.5  Observations  and  Recommendations- -Summarize  significant  aspects  of  the  fire  in 
relation  to  expectations.   Relate  what  actually  happened  to  what  was  expected  to 
happen.   Indicate  knowledge  gained  that  should  be  considered  when  planning  sub- 
sequent prescribed  fires,  for  example  (Norum  1975): 

Experience  gained  during  this  fire  indicates  a  need  to  modify  the 
ignition  procedure  for  future  hazard  reduction  burns  in  this  fuel  type. 
Because  of  the  concentrated  and  discontinuous  nature  of  the  fuels,  fires 
ignited  across  the  lower  edge  of  a  plot  often  burned  vigorously  until  a  fuel 
discontinuity  was  reached,  whereupon  the  fire  went  out.   The  result  was  a 
very  ragged  burn  with  hazardous  fuel  left  in  the  center  of  the  unit.   Control 
and  containment  difficulties  were  experienced  when  ground  fuels  were  suffi- 
ciently dry  to  carry  fire  between  concentrations.   Crown  fires  began  to 
increase  in  frequency,  and  spotting  outside  of  the  prescribed  area  required 
alert  patrol  and  vigorous  suppression.   Based  on  the  results  of  this  exper- 
ience, I  suggest  ignition  of  strips  of  fuel  across  the  slope,  beginning  at 
the  upslope  perimeter  and  progressing  to  the  bottom  of  the  plot.   Permit  each 
strip  of  ignited  fuel  to  burn  until  the  level  of  maximum  intensity  passes, 
then  ignite  the  next  downslope  and  adjacent  strip.   This  procedure  should 
assure  ignition  of  all  fuels  and  minimize  control  problems. 


SUMMARY 


A  successful  prescribed  fire  is  one  that  safely  and  efficiently  achieves  the  land 
and  resource  management  objectives  for  which  it  was  conducted.   Such  fires  do  not 
happen  by  accident;  they  are  the  result  of  careful  and  intelligent  planning. 

To  plan  a  successful  prescribed  fire  the  planner  must  clearly  define  why  he  wants 
to  burn  a  site  and  what  he  hopes  to  accomplish.  He  must  also  describe  the  physical 
and  biological  characteristics  of  the  site  to  be  treated.   He  must  then  blend  this 
information  with  an  understanding  of  the  relationships  between  fuel,  weather,  to- 
pography, fire  behavior,  fire  effects,  and  burning  techniques.   Finally,  the  actual 
fire  must  be  evaluated  in  order  to  improve  the  performance  of  subsequent  plans. 

A  fire  use  plan  and  report  format  is  presented  to  guide  the  prescribed  fire  plan- 
ner through  the  important  steps  for  planning  successful  fire  use.   At  the  heart  of  this 
proposed  planning  format  is  the  fire  prescription,  which  tells  what  kind  of  fire  is 
needed  and  identifies  the  conditions  under  which  it  must  burn,  and  the  burning  plan, 
which  tells  how  the  prescription  will  be  carried  out  on  the  ground. 

A  fire  use  plan  for  a  planned  prescribed  fire  on  the  Lolo  National  Forest  is 
included  as  an  appendix.   This  plan  was  written  by  a  fire  manager  using  the  format 
proposed  in  this  paper. 
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Part  1  —  Treatment  Area  and  Objectives 

1.1  PURPOSE  OF  PLAN 

This  project  is  a  prescribed  broadcast  fire  for  habitat  improvement  on  elk 
and  mule  deer  winter  and  spring  range. 

1.2  TREATMENT  AREA 

a.  Size  of  area.  The  treatment  area  contains  160  acres  (64.75  hectares),  of 
which  135  acres  (54.6  hectares)  will  be  burned. 

b.  Location.   The  treatment  area  is  located  at  the  head  of  Babcock  Creek  just 
east  of  Burnt  Mountain  in  the  south  half  of  Section  28  and  the  southwest 
corner  of  Section  27,  TUN,  R16W.  Access  is  by  the  Gillispie  Creek  Road  #354. 

c.  Elevation.   The  treatment  area  extends  from  5300  feet  (1615  meters)  on  the 
bottom  to  6385  feet  (1946  meters)  at  the  top. 

d.  Landforms.   The  slope  of  the  area  averages  30  percent  or  more  and  is  mostly 
a  southerly  aspect. 

e.  Soil  type.   The  area  is  comprised  of  loamy  grassland  soils  which  are  mainly 
bedrock  of  quartzites  and  argillites.   These  soils  are  well  drained  with  mod- 
erate to  moderately  rapid  permeability  and  have  no  ash  mantle.   Surface 
erosion  is  low.  They  have  a  history  of  persistent  grassland  and  meadow 
vegetation. 

f.  Vegetation.  This  particular  area  falls  into  the  Ponderosa  pine/Douglas  fir 
savanna  habitat  group.   The  principal  habitat  type  within  this  group  is 
Douglas  fir/Fescue  (both  Rough  and  Idaho) .   An  analysis  of  the  transect 
showed  the  following  vegetation: 

Fescue  -  38%  Chickweed  -  14% 

Strawberry  -  8%  Prairiesmoke  -  4% 

Lupine  -  16%  Pussytoes  -  4% 
Other  -  16% 

g.  Down  and  dead  fuels.   Total  fuel  loading  is  estimated  at  less  than  10  tons/ 
acre  (2.24  kg/m2) .   This  is  mostly  dead  grass  and  forbs,  with  a  scattering  of 
tree  needles  and  small  dead  twigs  and  limbs. 

h.   Climate  and  weather  patterns.   The  Burnt  Mountain  area  is  located  within  a 
rain  shadow  of  the  Sapphire  Mountains  and  receives  approximately  21  inches 
(53.3  cm)  of  moisture  per  year.  This  occurs  mainly  in  the  form  of  snow. 
Almost  all  weather  in  the  area  is  from  the  west  with  occasional  storms  coming 
from  the  northeast  and  east.   These  high  wind  storms  from  the  northeast  occur 
mostly  in  the  fall  and  winter.   The  proposed  burn  time  is  planned  for  the 
spring,  and  adverse  winds  are  not  expected  to  be  a  problem.   Early  spring 
weather  data  is  not  available  for  the  fire  area  or  vicinity.   Records  are 
available  from  the  now-defunct  Bonita  weather  station  (elevation  3544  feet  or 
1080  meters)  for  the  period  1954-1968.   Analysis  of  these  records  show  the 
following  10-day  means: 
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10-DAY  MEANS  FOR  SELECTED  WEATHER  VARIABLES, 
BONITA  RANGER  STATION,  1954-1968. 


Weather  Parameter 


May  1-10 


Period 


May  11-20 


May  21-31 


June  1-10 


Max.  Temp.  (°F) 
Range 

Min.  Temp.  (°F) 
Range 

4  p.m.(MST)  Temp.  (°F) 
Range 

4  p.m.(MST)  RH  (%) 
Range 

4  p.m.(MST)  Wind  (mi/h) 
Range 


62.7 

66.8 

70.1 

70.5 

49.9-79.0 

58.0-76.3 

63.3-78 

5 

62.8-79.9 

33.3 

34.3 

38.7 

41.3 

26.1-40.8 

30.1-41.1 

34.5-44 

3 

36.4-47.7 

58.0 

62.6 

64.7 

65.7 

46.4-76.3 

54.3-73.4 

55.7-73 

2 

58.4-75.1 

42.9 

37.1 

42.6 

45.3 

16.2-64.8 

22.6-57.7 

32.7-59 

3 

27.2-65.6 

6.9 

6.0 

6.2 

6.2 

3.8-13.9 

4.0-9.6 

2.8-12 

2 

2.5-9.8 

I"  I  Lower  Rock  Creek  (Herd  Unil  101) 

I I  Gilbert   Welcome  (Herd  Unit  102) 

I 1  Quigg  Peak  (Herd  Unit  400) 


M10  IBftO  U'O  18»  1>«0  l«t»  1910  t«10  WJO  W«0  19»0  »«0  l»'0  1980  W»0  3000 

Time 


LOWER  ROCK  CREEK 
PLANNING   UNIT 


Figure  1 . --Estimated  pounds  of  deer-elk  winter  forage  per  winter  range  acre  for  three 
winter  range  units  over  a  150-year  period. 
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i.   Wildlife  and  wildlife  habitats.  The  proposed  burn  is  located  within  deer 
and  elk  winter  range  and  is  designed  to  increase  forage  production.   The 
Burnt  Mountain  area  falls  within  the  lower  Rock  Creek  herd  unit.   According 
to  the  Background  Information  Packet  and  Management  Alternatives  for  the 
Lower  Rock  Creek  Planning  Unit  (USDA  Forest  Service  1977) ,  the  area  produced 
an  estimated  200  pounds  per  acre  (224  kg/ha)  of  deer  and  elk  forage  during  the 
1880 's  and  has  been  on  a  steady  decline  since  that  time  as  shown  in  figure  1. 
The  area  now  produces  about  110  pounds  of  deer  and  elk  forage  per  acre 
(123  kg/ha).   This  lower  production  rate  is  at  least  partially  due  to  the 
fact  that  the  area  has  not  burned  since  before  1900. 

1.3  LAND  MANAGEMENT  OBJECTIVES 

The  treatment  area  is  identified  as  deer  and  elk  winter  range  in  the  land  use  plan 
for  the  Lower  Rock  Creek  Planning  Unit.  The  management  objectives  for  this  area  are 
to:  (1)  maintain  the  deer  and  elk  habitat  consistent  with  the  needs  of  existing  popu- 
lations using  the  area,  and  (2)  maintain  naturally  existing  water  quality. 

A  synopsis  of  the  management  guidance  for  the  area  follows: 

1 .  Timber  harvest  and  prescribed  fire  are  methods  which  may  be  used  to  maintain 
the  deer  and  elk  winter  range  in  a  successional  stage  compatible  with  winter  range 
management  objectives. 

2.  Timber  harvest  will  be  directed  toward  maintenance  and  improvement  of  the 
deer/elk  winter  range. 

3.  Management  activities  will  be  modified  as  necessary  to  assure  protection  of 
the  soil  and  water  resources  in  areas  with  sensitive  soils. 

4.  Management  activities'  will  follow  the  guidelines  of  the  Modification  Visual 
Quality  Objective.  (See  Appendix  in  Lower  Rock  Creek  Planning  Unit,  USDA  Forest 
Service  1977.) 

5.  Slash  disposal  will  be  complete  enough  to  provide  for  free  movement  of  deer 
and  elk  through  the  management  unit  and  to  prepare  sites  for  natural  regeneration 
of  browse  plants. 

6.  Motorized  vehicles  will  not  be  allowed  in  this  management  unit  during  the 
winter  months. 

7.  If  conflicts  between  cattle  and  big  game  become  apparent  in  the  future,  the 
conflict  will  be  resolved  in  favor  of  big  game. 

8.  Immediate  action  will  be  taken  to  suppress  wildfire.   If  fires  are  not  con- 
trolled by  initial  attack  forces,  further  control  efforts  will  be  determined  on  a 
case-by-case  basis  using  guidelines  contained  in  the  fire  management  plan  for  the 
area.  The  guidelines  will  consider  the  management  objectives  of  the  management 
unit. 

1.4  TREATMENT  CONSTRAINTS 

The  following  constraints  govern  the  use  of  fire  on  the  treatment  area: 
a.   Environmental  constraints. 
(1)   Air  quality. 
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(a)  Fuel  moisture  requirements  should  be  such  that  ragged,  long- 
smoldering  fires  do  not  occur. 

(b)  The  burning  period  should  be  from  early  to  midafternoon  to  facil- 
itate smoke  dispersion. 

(c)  At  upper  elevations  (like  this  burn  will  be),  very  strong  winds 
should  be  avoided  as  they  tend  to  flow  up  and  down  the  terrain 
intersected. 

(2)  Water  quality. 

The  management  objective  for  the  treatment  area  (as  outlined  in  the 
Lower  Rock  Creek  Planning  Unit,  USDA  1977)  calls  for  maintaining  naturally 
existing  water  quality.  This  means  that  the  water  quality  should  not 
drop  below  a  rating  of  "B-Di"  classification  under  Montana  water  quality 
criteria. 

(3)  Soil. 

The  management  guidance  for  the  Lower  Rock  Creek  Planning  Unit  says 
that  management  activities  will  be  modified  as  necessary  to  assure 
protection  of  the  soil  and  water  resources  in  areas  with  sensitive  soils. 

b.  Multiple  use  constraints. 

The  treatment  area  is  within  the  Spring  Creek  cattle  allotment;  and  it 
also  falls  within  the  Visual  Resource  category  of  common  landscape,  seldom 
seen  or  not  visible  with  modification  permitted.   (See  visual  resource  map, 
Lower  Rock  Creek  Planning  Unit,  USDA.) 

c.  Economic  constraints. 

A  maximum  of  $750  is  available  for  this  project. 

d.  Operational  constraints. 

There  will  be  no  equipment  other  than  hand-held  used  in  conjunction  with 
the  burn. 

e.  Administrative  constraints. 

Escaped  fire,  as  determined  by  the  District  Fire  Management  Officer, 
will  be  suppressed  as  per  management  guidance  found  in  the  Lower  Rock  Creek 
Planning  Unit. 

f.  Legal  constraints. 

There  are  no  legal  constraints  on  the  proposed  burn  area.   It  is  just 
outside  of  Missoula  County;  therefore,  no  county  burning  permit  is  necessary. 
A  courtesy  call  to  the  Missoula  County  Airshed  Group  may  be  in  order, 
because  the  area  is  close  to  the  county  line. 

1.5  TREATMENT  OBJECTIVE 

The  primary  objective  of  the  fire  is  to  increase  the  overall  production  of 
desirable  forage  on  the  area  by:   (a)  increasing  the  production  of  forage  and 
legumes,  and  by  (b)  improving  the  palatability  of  the  fescue  bunchgrass.   Accom- 
plishment of  this  objective  will  improve  the  area's  capability  to  produce  more 
deer  and  elk  by  providing  more  protein  during  the  late  spring  and  early  summer-- 
a  critical  factor  for  successful  fawn  and  calf  survival. 
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1.6  TREATMENT  ALTERNATIVES 

The  alternatives  to  burning  are: 

a.  Modify  the  area  silviculturally  through  tree  harvest.   This  could  have  the 
effect  of  increasing  the  size  of  the  area  slightly  but  may  be  offset  by  the 
disturbance  caused  from  logging  (invasion  of  weeds  and  the  slow  recovery  of 
grasses  on  the  bared  soil) .   In  this  area,  tree  cutting  is  not  an  acceptable 
alternative  because  nearby  areas  have  been  cut  so  heavily  that  additional 
harvest  may  cause  watershed  damage. 

b.  Permit  the  cattle  on  the  Spring  Creek  allotment  to  graze  the  area  heavily 
enough  to  produce  bare  mineral  soil  for  germination  of  forbs,  or  legumes 
This  is  not  desirable  because  the  effect  would  take  longer  than  one  year  to 
accomplish  and  could  promote  the  spread  of  weeds  and  increase  the  risk  of 
surface  erosion.  Also,  it  is  doubtful  that  the  cattle  could  be  held  on  the 
area  long  enough  to  produce  the  desired  results. 

PART  II  -  FIRE  PRESCRIPTION 

2.1  TREATMENT  SPECIFICATIONS 

2.11  Desired  Accomplishment 

The  fire  should  burn  all  of  the  dead  bunchgrasses  to  within  1/2  inch 
(1.3  cm)  of  the  root  crown.  Any  other  grasses,  forbs,  or  legumes  should  be 
burned  off  at  or  near  ground  line.   This  will  have  the  effect  of  producing 
approximately  30-40  percent  bare  mineral  soil  which  would,  in  turn,  improve 
germination  conditions  to  permit  increased  forb  and  legume  production.   The 
woody  fuels  are  scattered  and  discontinuous,  and  their  consumption  by  the 
fire  is  desirable  but  not  necessary. 

2. 12  Desired  Fire  Behavior 

A  relatively  hot  fire  (remembering  that  fuels  are  less  than  10  tons/acre 
or  2.24  kg/m2)  moving  fast  enough  to  consume  all  dead  grass  is  required. 
Fuel  moisture  should  be  about  13  percent  for  the  light  fuels  to  assure  good 
combustion  and  lessen  the  chance  for  smoldering  fires.   To  obtain  the  best 
conditions,  the  burn  should  start  between  11:00  a.m.  and  1:00  p.m. 

2 . 13  Required  Environmental  Conditions 

Based  upon  the  results  obtained  in  Mormon  Creek  on  a  similar  habitat  type 
during  the  spring  of  1977,  the  following  conditions  should  be  adhered  to  for 
best  results. 

Fuel  moisture  content  for  dead  grass  should  not  exceed  13  percent.   Soil 
moisture  content  should  not  exceed  45  percent  nor  be  lower  than  25  percent. 
Windspeed  can  be  up  to  20  mi/h  (32.2  km/h)  with  no  problems,  but  ideal  is 
8-12  mi/h  (12.9  -  19.3  km/h).   Wind  direction  is  no  problem,  just  so  it  is 
steady  from  one  direction.   Normal  wind  direction  is  out  of  the  southwest  and 
up  canyon. 

Air  temperature  should  be  50°F  (10°C)  in  order  to  dry  the  grass  to  the 
desired  moisture  content.  From  45°  to  65°  (7.2°  to  18.3°C)  would  be  within 
range  to  produce  the  desired  effects. 
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Relative  humidity  should  be  between  35  and  45  percent,  with  40  percent 
and  falling  being  ideal.   It  is  imperative  that  the  bunchgrasses  be  cured. 
The  cured  condition  is  necessary  to  carry  the  fire,  to  produce  bare  mineral 
soil,  and  to  release  the  nutrients  necessary  to  stimulate  the  vegetation. 

Percentage  frequency  of  occurrence  for  the  combination  of  weather  para- 
meters indicated  in  this  prescription  is  about  16  percent  during  the  period 
May  1  through  June  10.  This  is  based  on  1954-1968  weather  records  from  the 
Bonita  Station.  This  figure  does  not  reflect  the  occurrence  of  favorable 
prescription  conditions  prior  to  May  1. 

The  chance  of  obtaining  favorable  conditions  decreases  as  season  pro- 
gresses as  indicated  below: 


PERCENTAGE  FREQUENCY  OF  OCCURRENCE  FOR  PRESCRIPTION 
WEATHER  CONDITIONS  FOR  THREE  LEVELS  OF  WINDSPEED 

Windspeed  (mi/h)  May  1-10       May  11-20      May  21-31      June  1-10 


5-9  10.7  14.6  8.3  7.4 

10-14  9.3  3.1  2.8  2.7 


10.7 

14.6 

9.3 

3.1 

3.1 

0.8 

15-19  3.1  0.8  0.7  1.4 

Overall  23.1  18.5  11.8  11.5 

2.2  TREATMENT  STRATEGY 

Preburn  tasks  -  One  trip  into  the  area  for  final  scouting  and  layout  will  be 
necessary.  This  can  be  incorporated  into  the  fuel  sample  collection  to  determine 
moisture  content.   No  slashing,  snag  felling,  or  fireline  construction  is  neces- 
sary. 

Ignition  technique  -  Strip  head  firing  will  be  used  to  burn  the  area.   Smaller 
strips  of  about  5  to  10  feet  (1.5  to  3.0  meters)  will  be  used  at  the  top  to  keep 
the  burn  within  the  unit.  As  the  strips  get  to  the  road  boundary  (see  map),  they 
should  be  widened  to  15  to  30  feet  (4.6  to  9.1  meters)  or  more  depending  on  fine 
tuning  of  the  fire. 

Ignition  methods  -  Drip  torches  will  be  used  (three  of  them). 

Firing  pattern  -  Strip  head  firing  will  be  used  starting  at  the  east  end  of 
the  block  (see  map,  fig.  2)  with  the  torchman  starting  across  one  at  a  time. 
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PROPOSED   BURNT  MOUNTAIN  WILDLIFE   BURN 


^^^ 


12-20-77 


Figure  2 
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2.3  PREBURN  MONITORING 

Some  monitoring  will  be  necessary  to  determine  if  all  snow  is  off  the  pro- 
posed burn  area.  This  can  be  accomplished  by  driving  up  Rock  Creek  approximately 
7  miles  (11.3  km)  to  the  mouth  of  Babcock  Creek  and  looking  up  the  creek  toward 
Babcock  Mountain  to  see  if  it  is  bare.   If  it  is  bare,  then  the  Burnt  Mountain  area 
will  also  be  bare.  Once  the  area  is  free  of  snow,  two  days  of  sunshine  with  tem- 
peratures of  45°F  (7.2°C)  or  more  should  pass  before  fuel  and  soil  moisture  samples 
are  taken.  Two  samples  each  of  bunchgrasses  and  soil  should  be  taken  at  the  top, 
middle,  and  bottom  of  the  area  to  obtain  an  average  fuel  moisture  and  soil  moisture 
percent . 

When  sampling  the  bunchgrasses,  each  individual  clump  will  constitute  a 
sample.   All  of  the  clumps  will  be  cut  as  close  to  the  ground  as  possible.   The 
soil  samples  will  extend  to  a  depth  of  4  inches  (10-16  cm). 

After  collection,  all  samples  will  be  weighed  and  ovendried,  and  moisture 
contents  calculated.   Relative  humidity,  wind  direction  and  speed,  and  air  tem- 
perature will  also  be  taken  in  conjunction  with  fuel  and  soil  samples.   All  of  the 
samples  will  be  taken  as  near  to  the  planned  hour  of  ignition  as  possible.   This 
will  probably  figure  out  to  a  burn  time  of  11:00  a.m  or  slightly  later. 

2.4  EVALUATION 

A  permanent  transect  has  been  run  through  the  area;  and  species  composition, 
total  pounds  of  forage,  and  percent  of  green  vegetation  have  been  calculated. 
Following  the  burn,  this  transect  will  be  rerun  in  late  June;  and  measurements  will 
be  taken  to  determine  success  of  the  burn  in  reducing  the  grass  cover  and  exposing 
mineral  soil. 

PART  III  -  BURNING  PLAN 

3.1   PREPARATION  FOR  BURNING 

Four  men  will  burn  the  area.  These  four  men  will  do  the  final  scouting  and 
layout  and  will  be  familiar  with  the  objectives  of  the  burn  and  how  it  will  be 
conducted.  The  final  scouting  and  layout  will  be  done  when  fuel  and  soil  samples 
are  collected  to  determine  moisture  content.   The  District  Fire  Management  Officer 
will  determine  when  the  area  is  snow  free.   He  will  also  act  as  burning  boss  and 
be  one  of  the  four  men  on  the  fire. 

The  following  equipment  is  needed  for  the  fire: 

1.  .2  4x4  1/2-ton  pickups 

2.  2  2-man  snowmobiles  and  equipment 

3.  6  drip  torches  filled  at  station 

4.  10  gallons  of  extra  drip  torch  fuel 

5.  fuel  sampling  kit 

6.  4  personal  portable  radios 

7.  camera  and  film  (35mm) 

8.  belt  weather  kit  (don't  forget  vial  of  distilled  water) 

9.  necessary  forms  and  scratch  paper 

10.  shovel  and  pulaski  for  each  person 

11.  portable  dictaphone  machine. 

The  District  FMO  has  the  responsibility  for  the  burn,  seeing  to  the  equipment, 
and  keeping  an  accurate  account  of  project  costs. 
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3.2  PREBURN  MONITORING 

This  includes  determining  when  the  area  is  ready  for  collection  of  fuel 
samples  and  when  moisture  content  and  weather  conditions  meet  the  prescription. 
These  items  are  the  responsibility  of  the  District  FMO.  The  FMO  will  also  keep 
current  with  the  weather  forecast.  This  will  be  handled  by  phone  calls  to  the 
local  weather  bureau.   It  may  be  necessary  for  an  on-the-spot  forecast,  but  most 
likely  the  weather  will  be  a  high  pressure  system  which  presents  no  problems. 

3.3  IGNITION 

Given  the  normal  wind  conditions  (southwesterly  and  up-canyon  winds) ,  burning 
will  start  in  the  far  east  corner  of  the  area  at  the  top  of  Burnt  Mountain.   There 
will  be  three  torchmen.   The  first  torchman  will  fire  out  the  corner.   The  second 
will  strip  head  fire  behind  the  first  after  the  first  man  has  completed  his  strip. 
The  third  man  will  start  after  the  second  has  completed  his  strip.   Once  the  three 
torchmen  have  completed  their  first  strip,  they  will  continue  following  the  same 
lighting  pattern  until  all  of  the  block  is  burned.   The  firing  pattern  and  burn 
area  should  be  the  same  as  that  shown  on  the  accompanying  map. 

Following  is  the  necessary  equipment  for  ignition: 

1.  6  drip  torches  filled  at  the  Ranger  Station 

2.  10  gallons  of  drip  torch  fuel 

3.  4  personal  portable  radios 

4.  35mm  camera  and  film 

5.  portable  dictaphone  machine. 

It  is  the  responsibility  of  the  District  FMO  to  keep  accurate  cost  records 
for  the  entire  operation. 

3.4  HOLDING 

No  holding  is  necessary.  The  burn  will  take  place  when  the  surrounding 
aspects  still  have  sufficient  snow  to  stop  a  ground  fire.   No  equipment  or  supplies 
will  be  necessary  for  holding. 

Escapes  are  not  expected  to  be  a  problem  because  of  the  time  of  the  year  and 
the  habitat  type.   Should  any  serious  escapes  occur  (potential  crowning  in 
adjacent  areas),  they  will  be  suppressed  as  rapidly  as  possible. 

3.5  MOP-UP 

No  mopup  will  be  planned,  because  the  fuels  are  1  inch  or  less  in  diameter 
and  will  not  "lay  over."  No  equipment  or  supplies  are  necessary  for  mop-up. 

3.6  EVALUATION 

During  the  burn,  the  District  FMO  will  use  the  portable  hand  dictaphone  to 
record  the  fire  behavior,  fire  strategy,  and  preliminary  treatment  success.   The 
permanent  transect  that  was  established  in  the  late  summer  of  1977  must  be  reread 
during  the  latter  part  of  June  1978  to  ascertain  the  results  of  the  burn.   The 
following  information  must  be  calculated:  (1)  pounds  of  deer  and  elk  forage/acre 
and  also  total  pounds  of  forage/acre--this  will  be  used  to  calculate  the  effec- 
tiveness of  the  burn,  (2)  available,  usable  forage  for  deer  and  elk,  (3)  percent 
of  ground  cover,  (4)  species  variety. 
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The  evaluation  of  the  area  will  be  done  through  the  District  Resource  Assist- 
ant.  He  will  furnish  a  competent  person  and  the  equipment  necessary  to  do  the  job 
and  make  the  calculations.  Any  help  needed  by  the  Resource  Section  will  be 
furnished  by  Fire  Management  through  the  District  FMO.   The  cost  of  the  evaluation 
will  be  borne  by  Fire  Management. 

3.7  COST  SUMMARY 

Total  cost  of  the  project  is  estimated  at  $562.  This  is  broken  down  as 
follows : 

1.  manpower  -  8  man-days  at  $60.00/day  =  $480.00, 

2.  equipment  use  -  300  miles  at  $0.19/mile  =  $57.00, 

3.  drip  torch  fuel  -  10  gallons  at  $0.50/gallon  =  $5.00, 

4.  miscellaneous  =  $20.00. 
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Headquarters  for  the  Intermountain  Forest  and 
Range  Experiment  Station  are  in  Ogden,  Utah. 
Field  programs  and  research  work  units  are 
maintained  in: 

Billings,  Montana 

Boise,  Idaho 

Bozeman,    Montana    (in   cooperation  with 

Montana  State  University) 
Logan,  Utah  (in  cooperation  with  Utah  State 

University) 
Missoula,    Montana    (in   cooperation  with 

University  of  Montana) 
Moscow,    Idaho    (in   cooperation  with  the 

University  of  Idaho) 
Provo,  Utah  (in  cooperation  with  Brigham 

Young  University) 
Reno,      Nevada    (in   cooperation  with   the 

University  of  Nevada) 
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RESEARCH  SUMMARY 

Described  in  detail  are  the  author's  procedures  for  vegetatively 
propagating  aspen  (Populus  tremuloides  Michaux).     The  procedures 
are  an  adaptation  of  Larsen's  original  methods.    Roots  are  taken  from 
clones  having  desirable  phenotypic  characteristics.    Segments  are 
treated  with  a  fungicide,  their  ends  are  sealed  with  paraffin,  and  they 
are  planted  in  moist  vermiculite.    Suckers  develop  within  6  weeks. 
The  bases  of  sucker  cuttings  are  treated  with  indolebutyric  acid  (IBA) 
and  inserted  in  a  moist  vermiculite  :perlite  medium.     Cuttings  are 
rooted  under  an  intermittent  mist  or  in  a  high-humidity,  polyethylene 
chamber.    Well-developed  root  systems  develop  in  2  to  3  weeks.    Rooted 
cuttings  are  planted  in  containers  with  a  peat  moss:vermiculite  mixture 
and  fertilized  with  a  complete  fertilizer.    Supplemental  lighting  can  be 
used  to  extend  the  growth  period.     Chilling  requirements  of  the  cuttings 
are  satisfied  by  natural  cold  during  winter  months  or  by  storage  in  a 
cold  room.    In  the  spring,  dormant  cuttings  are  outplanted  or  transferred 
to  large  pots.     Aspen  shows  considerable  clonal  variation  in  suckering 
and  rooting  ability. 
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INTRODUCTION 


Quaking  aspen  (Populus   tvemuloides   Michaux)  has  become  a  popular  ornamental  tree 
in  the  Rocky  Mountain  region.   There  is  also  a  great  deal  of  interest  in  planting  aspen 
on  wild  lands  to  restock  deteriorating  natural  stands  and  to  revegetate  strip  mines  in 
areas  where  aspen  originally  grew.   Wi Idlings  have  been  successfully  used  in  landscaping. 
However,  a  large-scale  nursery  system  will  be  necessary  to  meet  increasing  demands  for 
aspen  planting  stock. 

Because  aspen  is  a  highly  variable  species,  it  is  usually  propagated  asexually  so 
that  the  unique  characteristics  of  desirable  genotypes  are  reproduced.   In  comparison 
to  the  relatively  high  rooting  ability  of  stem  cuttings  from  the  closely  related  balsam 
(for  example,  p.  balsamifeva   and  P.    triahooarpa)    and  black  poplars  (for  example,  P. 
nigra   and  P.    deltoides) ,    aspen  cuttings  are  difficult  to  root  (Hicks  1971).   However, 
Larsen  (1945),  working  with  European  aspen  (P.  tremula   L.),  found  that  aspen  could  be 
rooted  with  ease  if  cuttings  were  taken  from  young,  succulent  suckers  (adventitious 
shoots)  that  arise  from  excised  roots.   This  has  become  the  standard  procedure  for  pro- 
pagating the  species.   Various  adaptations  have  been  reported  by  Barry  and  Sachs  (1968), 
Benson  and  Schwalbach  (1970),  Farmer  (1965),  Hicks  (1971),  Starr  (1971),  and  Zufa  (1971). 

Described  here  are  my  procedures  for  vegetatively  propagating  aspen.  They  were 
developed  over  8  years  while  I  was  studying  the  species  in  Utah  and  adjacent  States. 
These  procedures  resulted  from  a  synthesis  of  the  literature,  personal  communications, 
and  my  own  experiences.  There  are  numerous  instances  where  I  have  given  factual  in- 
formation without  citing  references.  This  information  is  from  unpublished  personal 
observations  and  experimental  results  on  file  at  the  Forestry  Sciences  Laboratory  in 
Logan. 


CLONE  SELECTION 


Because  of  its  ability  to  reproduce  vegetatively  from  root  suckers,  aspen  occurs 
in  clones  of  a  few  to  thousands  of  genetically  identical  individuals  (Barnes  1966). 
Although  most  clones  in  the  central  and  southern  Rocky  Mountains  range  in  size  from 
0.04  to  2.0  ha,  clones  from  4  to  80  ha  are  not  uncommon  (Kemperman  and  Barnes  1976). 

Local  populations  of  aspen  show  considerable  phenotypic  variation  in  morphological 
and  phenological  traits  (Barnes  1969).   After  a  little  experience,  one  can  easily  dis- 
tinguish stems  of  one  clone  from  stems  of  a  neighboring  clone.   Characteristics  that 
can  be  used  to  identify  clones  are  sex  (normally,  male  and  female  flowers  are  on  separate 
trees),  leaf  morphology,  time  of  bud  burst,  time  of  autumn  leaf  fall,  fall  leaf  color- 
ation, bark  color  and  texture,  stem  form,  and  branching  and  pruning  ability.   Of  course, 


some  traits  arc  seasonal  (fall  leaf  coloration)  or  can  be  recognized  more  easily  during 
one  season  than  others  (sex-flowering  in  spring).   There  are  also  clonal  differences  in 
some  less  easily  recognized  but  important  characteristics,  such  as  disease  resistance 
(Copany  and  Barnes  1974;  Wall  1971)  and  growth  rate  (Garrett  and  Zahner  1964;  Zahner 
and  Crawford  1965) . 

Clones  having  desirable  characteristics  are  selected  for  vegetative  propagation. 
Because  the  expression  of  a  trait  is  the  result  of  an  interaction  of  the  genotype  and 
the  environment  where  the  clone  is  growing,  the  trait  may  change  quantitatively,  quali- 
tatively, or  both  when  the  clone  is  grown  in  a  new  environment.   This  change  can  be 
quite  large  under  conditions  of  intensive  culture  (abundant  nutrients  and  water)  or  if 
aspen  is  grown  as  an  ornamental  outside  of  its  natural  habitat.   Traits  under  a  high 
degree  of  genetic  control  will  be  least  affected  by  environmental  change.   Although 
clonal  selection  and  testing  have  not  been  performed  for  aspen,  estimates  of  intraclona 
variation  in  natural  clones  indicate  that  many  of  the  traits  listed  above  are  under  a 
high  degree  of  genetic  control  (Barnes  1966) . 

Clones  selected  for  vegetative  propagation  should  be  from  sites  near  or  similar  to 
the  sites  where  the  rooted  cuttings  will  be  planted.   Until  progeny  from  various  source 
can  be  tested,  planting  stock  propagated  from  local  aspen  is  likely  to  show  the  best 
adaptability  to  the  planting  site.   This  criterion  is  more  important  for  selecting 
clones  for  reforestation  than  for  ornamental  purposes,  because  in  the  latter  case  such 
cultural  methods  as  fertilization,  irrigation,  and  pest  control  can  compensate  to  vary- 
ing degrees  for  site  deficiences. 


ROOT  COLLECTION 


Suckers  can  be  produced  from  root  cuttings  collected  at  any  time  of  the  year. 
Suckers  are  fewest  in  the  spring  during  the  flush  in  shoot  growth  when  high  concentra- 
tions of  endogenous  auxins  in  roots  inhibit  sucker  formation  (Schier  1973,  1975). 
Generally,  I  have  avoided  collecting  roots  during  the  brief  flushing  period.   Sucker 
production  from  roots  excised  from  dormant  trees  in  late  summer  or  fall  is  often  as 
high  or  higher  than  it  is  in  other  seasons. 

One  of  the  best  times  to  collect  roots  is  in  the  spring,  soon  after  the  snow  has 
melted.   Early  collections  provide  sufficient  time  to  grow  good-sized  plants  from 
rooted  sucker  cuttings  before  the  onset  of  dormancy  during  the  shortening  days  in 
late  summer.   Also,  moist  soils  at  this  time  of  year  make  digging  easier  and  lessen 
the  chances  of  root  damage. 

When  collections  are  made  late  in  the  growing  season,  rooted  cuttings  will  not 
grow  much  before  they  go  dormant.   However,  artificial  lighting  can  be  used  to  extend 
day  lengths  and  enable  sucker  growth  to  continue  into  the  fall.   With  late  summer  or 
fall  collections,  it  is  probably  best  to  store  roots  and  delay  propagation  of  suckers 
until  the  following  winter  or  spring. 


Equipment  helpful  in  collecting  aspen  roots  are  gloves,  spade,  pruner  (anvil  type), 
trowel,  and  large  cloth  sacks.   A  spade  is  preferable  to  a  shovel  because  it  can  be 
used  with  more  precision  and  so  results  in  less  root  damage.   The  anvil  type  of  pruner 
works  better  than  the  shear  type  for  cutting  thick  aspen  roots.    Although  sacks  of 
any  type  of  material  can  be  used  for  root  collecting,  1  have  found  cloth  sacks  very 
useful.   They  are  strong  and  can  be  moistened  before  use  to  prevent  the  root  sections 
from  drying  out . 

Lateral  roots  1  to  2.5  cm  in  diameter  usually  produce  the  largest  number  of  suckers 
per  unit  root  length.   There  is  considerable  variation  in  suckering  ability  among  a 
clone's  lateral  roots  (Schier  1978).   For  example,  the  mean  number  of  suckers  produced 
from  lateral  roots  of  a  single  clone  ranged  from  1  to  23  suckers  per  10-cm  segment. 
Therefore,  it  is  wise  to  collect  cuttings  from  a  large  number  of  lateral  roots,  taking 
a  few  roots  from  each,  rather  than  taking  many  cuttings  from  a  few  lateral  roots  that 
may  have  poor  suckering  ability. 

In  aspen  clones  with  regeneration  in  the  understory,  roots  may  be  found  by  digging 
at  the  base  of  suckers.   Sometimes,  if  the  soil  is  moist,  roots  can  be  exposed  by 
grabbing  a  sucker  and  pulling  up  the  roots.   Where  regeneration  is  scarce,  it  will  be 
necessary  to  probe  for  roots  with  the  spade.   Roots  generally  can  be  found  more  easily 
in  clones  that  have  a  high  density  of  trees.   Occasionally,  clones  are  found  where 
shallow  lateral  roots  of  a  suitable  size  are  difficult  to  find.   In  this  case,  the  best 
chance  of  finding  roots  is  to  dig  around  the  base  of  mature  stems.   The  difficulty  one 
can  have  finding  aspen  roots  in  the  Rocky  Mountains  would  be  unusual  in  the  Lake  States 
where  shallow  roots  are  generally  abundant  (Schier  and  Campbell,  1978). 

If  roots  are  not  immediately  prepared  for  sucker  propagation,  they  can  be  stored 
for  brief  periods  in  a  cold  room  or  a  cool,  shaded  place  after  they  are  wetted  down  and 
covered. 


ROOT  PREPARATION 


The  most  suitable  place  to  prepare  roots  for  sucker  propagation  is  at  a  sink.   Wash 
off  most  of  the  soil  from  the  roots  under  a  stream  of  tapwater.   Then  cut  off  all  sec- 
ondary roots  with  a  single-edged  razor  blade  or  a  sharp  knife.   Again,  rinse  the  roots. 
A  soft  brush  that  will  not  damage  the  bark  is  helpful  in  removing  the  soil.   The  lateral 
roots  are  then  ready  for  cutting  into  segments.   The  length  of  the  segments,  generally 
10  to  20  cm,  should  make  the  most  economical  use  of  space  in  the  flats  where  the  suckers 
are  propagated.   When  cutting  the  roots,  discard  portions  with  such  defects  as  torn  bark, 
scars,  cankers,  or  decay.   Root  segments  may  be  planted  without  further  treatment  or 
treated  to  protect  them  and  any  emerging  suckers  from  pathogens.   I  have  produced  good 
crops  of  suckers  from  "unprotected"  cuttings. 

Fungi  and  bacteria  can  be  a  considerable  problem  during  the  cultivation  of  root 
segments.   Complete  lots  of  roots  can  be  lost.   Major  causes  are  unsanitary  conditions, 
such  as  accumulations  of  plant  material  in  the  propagating  area,  unclean  tools  and  plant 
trays,  and  contaminated  media.   The  problem  is  compounded  by  high  temperatures  and 
humidity. 


Root  cuttings  may  be  protected  from  pathogens  by  treating  them  with  fungicides  and 
coating  the  ends  with  paraffin.   Benson  and  Schwalbach  (1970)  recommended  dipping  root 

;ments  in  a  standard  Captain  solution  (2.5  g/liter) .   I  have  treated  roots  by  immers- 
ing them  for  one-half  hour  in  an  aqueous  slurry  of  0.1  percent  benomyl  (2  g/liter  of 
commercial  mixture  that  contains  SO  percent  active  ingredients),  a  systemic  fungicide. 

Paraffin  for  protecting  cuttings  should  be  heated  in  a  container  to  a  temperature 
just  above  its  melting  point.   Blot  moisture  from  the  end  of  the  root  segment  with 
paper  toweling  and  then  dip  the  end  in  paraffin.   Seal  exposed  tissue  by  rubbing  solidi- 
fying paraffin  against  paper  toweling  on  a  hard  surface.   Repeat  the  procedure  to 
protect  the  other  end. 

Generally,  experimental  results  with  growth  regulators  have  been  too  variable  and 
inconsistent  to  recommend  for  stimulating  sucker  formation.   The  cytokinins  are  the 
most  promising  group  of  growth  regulators  to  use  in  sucker  propagation  because  they 
are  known  to  induce  adventitious  buds  on  roots  of  many  species  (Peterson  1975).   How- 
ever, in  numerous  tests  with  cytokinins,  such  as  kinetin  and  benzyladeninc ,  1  got  little 
or  no  increase  in  sucker  production.   Apparently,  cytokinins  that  occur  naturally  in 
roots  were  at  optimum  levels  and  so  outside  sources  had  no  effect  on  suckering. 

By  soaking  excised  roots  of  an  aspen  clone  that  showed  little  natural  suckering 
in  kinetin  solutions  (1  and  5  p/m) ,  Barry  (1969)  got  a  significant  increase  in  numbers 
of  suckers  appearing  on  root  segments.   Thus,  it  appears  that  growth  regulators  can  be 
successfully  used  in  clones  having  a  low  suckering  capacity  (0-2  sucker/10-cm  cutting). 
However,  it  may  be  better  not  to  bother  with  these  clones  unless  they  have  particularly 
desirable  characteristics. 

Root  segments  should  never  be  treated  with  auxins  (rooting  hormones) ,  such  as 
indoleacetic  acid  (IAA)  or  indolebutyric  acid  (IBA),  because  they  inhibit  sucker 
development . 

It  may  be  desirable  to  store  aspen  roots  for  varying  lengths  of  time  before  start- 
ing sucker  propagation.   For  example,  in  the  Rocky  Mountains,  where  the  snowpack 
normally  makes  it  difficult  to  collect  roots  until  May,  roots  could  be  collected  in 
October,  ahead  of  snowfall,  stored,  and  planted  in  February  or  March.   Roots  of  many 
clones  can  be  stored  for  as  long  as  6  months  at  1°  to  5°C  without  any  loss  in  suckering 
ability.   For  long-term  storage  it  is  probably  better  to  treat  root  segments  with  a 
fungicide,  such  as  Captain  or  benomyl.   To  store  roots,  wrap  5  to  10  segments  in  moist 
paper  toweling  from  which  excess  water  has  been  squeezed  and  then  put  them  in  plastic 
bags . 


SUCKER  PROPAGATION 


Coarse  and  fine  sands,  vermiculite,  and  mixtures  of  sand  and  vermiculite  are  media 
that  have  been  used  in  sucker  propagation  (Barry  and  Sachs  1968;  Benson  and  Schwalbach 
1970;  Maini  and  Horton  1966;  Tew  1970).   I  have  had  good  success  with  vermiculite 
(fig.  1). 

Plastic  trays  with  holes  for  drainage  are  better  than  wooden  flats  for  growing 
suckers  because  they  can  be  easily  washed  and  sterilized  by  dipping  in  10  percent  Clorox. 
If  flats  are  used,  they  should  be  treated  with  a  wood  preservative  such  as  Cuprinol . 
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Figure   1. — Suckers  growing  from  aspen  root  segments  planted  in  vermiculite. 

The  following  procedure  is  used  for  planting  root  cuttings  in  vermiculite: 

1.  Label  tray  with  clone  designation. 

2.  Spread  dry  vermiculite  evenly  in  moistened  tray  (prevents  vermiculite  from 
falling  through  holes)  and  pack  it  down  with  a  block  of  wood  so  that  the  level  is  3  cm 
from  top  of  the  tray. 

3.  Lay  out  root  segments  approximately  1  cm  apart  on  vermiculite.   Press  large 
diameter  segments  into  vermiculite. 

4.  Cover  segments  with  vermiculite.   Bring  vermiculite  to  the  top  of  the  tray 
after  spreading  and  packing.   The  segments  will  be  at  a  depth  of  1  to  2  cm. 

5.  Wet  down  vermiculite  thoroughly  using  a  spray  nozzle. 

Suckers  will  grow  over  a  considerable  temperature  range  (Zasada  and  Schier  1973). 
For  best  growth,  daytime  temperatures  probably  should  be  between  20°  and  30°C.  Night- 
time temperatures  can  be  lower,  but  should  not  fall  below  10°C. 

Planted  root  cuttings  should  be  given  only  enough  water  to  keep  them  from  drying. 
There  is  a  tendency  for  most  people  to  overwater,  which  increases  the  risk  of  disease. 


The  maximum  number  of  suckers  are  produced  in  about  5  to  6  weeks  (fig.  2).   Height 
growth  also  levels  off  by  this  time.   Delay  in  harvesting  can  result  in  losses  caused 
by  root  decay.   Decay  can  occur  after  suckers  emerge  and  can  be  so  serious  on  roots  of 
some  clones  that  large  numbers  of  suckers  are  lost.   The  susceptibility  of  roots  to 
decay  varies  considerably  among  clones.   I  have  found  the  proportion  of  segments  with 
decay  to  range  from  0  to  75  percent . 
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Figure  2. — Aspen  suckers  on  8 -cm  root  segments  from  two  different  clones. 

Clonal  variation  in  sucker  production  from  aspen  root  cuttings  has  been  widely  re- 
ported (Farmer  1962;  Maini  1967;  Schier  1974;  Steneker  1972;  Tew  1970;  Zufa  1971). 
Comparing  roots  from  20  clones  collected  in  September  on  the  Cache  National  Forest  in 
northern  Utah,  I  found  that  sucker  production  ranged  from  4  to  21  suckers  per  10-cm 
cutting.   A  clone  may  also  show  a  considerable  seasonal  variation  in  sucker  production 
(Schier  1973) .   The  greatest  change  I  found  in  sucker  production  from  one  date  to 
another  for  a  clone  was  from  2.7  suckers/10-cm  cutting  in  August  to  18.5  suckers/10-cm 
cutting  in  October. 

Once  desirable  clones  are  under  propagation,  sucker  cuttings  may  be  obtained  from 
suckers  induced  by  decapitating  potted  aspen  plants.   Suckers  arising  from  the  roots 
of  these  plants  are  larger  and  more  vigorous  than  suckers  from  excised  roots. 


ROOTING  SUCKER  CUTTINGS 


Cut  suckers  2  cm  and  larger  in  height  from  root  segments  with  a  sterilized  razor 
blade  or  Exacto  cutting  knife  and  place  them  in  a  tray  of  water.   Do  not  remove  more 
suckers  than  can  be  planted  in  the  rooting  media  during  the  same  day.   Mottled  areas 
appear  on  leaves  of  sucker  cuttings  held  in  water  for  more  than  1  day.   These  later 
become  necrotic  and  increase  losses  during  rooting. 


Coarse  sand  (Farmer  1963),  shredded  sphagnum  moss  (personal  communication, 
Burton  V.  Barnes,  University  of  Michigan),  mixtures  of  sand  and  vermiculite  (Benson 
and  Schwalbach  1970),  or  perlite  and  vermiculite  (Barry  and  Sachs  1968)  are  media  that 
have  been  used  for  rooting  sucker  cuttings.   I  have  had  good  success  with  a  1:1  perlite- 
vermiculite  mixture;  it  has  sufficient  porosity  to  allow  good  aeration,  a  high  water- 
holding  capacity  and,  yet,  it  is  well  drained.   The  rooting  medium  is  placed  in  well- 
drained  sterilized  trays,  treated  wooden  flats,  or  small  containers  for  single  cuttings. 
I  use  19.5-  by  27.5-cm  plastic  trays  that  will  hold  120  cuttings  (2.3-  by  1.8-cm 
spacing) . 

If  space  is  not  limited  in  the  rooting  area  or  if  only  a  small  number  of  rooted 
cuttings  are  desired,  single  cuttings  can  be  rooted  in  small  containers.   The  advantage 
of  this  method  is  that  cuttings  need  not  be  transplanted  once  they  develop  roots.   Thus, 
the  roots  are  not  disturbed  and  a  propagation  step  is  eliminated.   However,  it  is  diffi- 
cult to  find  a  medium  that  is  good  for  both  rooting  and  growth  of  the  cutting.   B.  V. 
Barnes  (personal  communication)  reports  that  he  has  successfully  propagated  single  aspen 
in  Jiffy-7  peat  pots  (peat  enclosed  in  a  plastic  net,  4 . 4  cm  in  diameter  by  5.4  cm  in 
height).   Because  of  its  high  water-holding  capacity,  there  is  a  danger  that  the  peat 
will  become  too  wet  under  a  mist  and  cause  the  newly  formed  roots  to  deteriorate. 

It  is  good  practice  to  treat  sucker  cuttings  from  all  clones  with  indolebutyric 
acid  (IBA),  a  root-promoting  growth  regulator  (hormone)   This  auxin  increases  the  per- 
centage of  cuttings  rooting  for  clones  with  low-rooting  capacities  and  increases  the 
number  of  roots  on  cuttings  of  all  clones  (Farmer  1963).   IBA  increases  root  number  by 
causing  roots  to  be  initiated  on  a  larger  area  of  the  sucker  stem. 

Cuttings  can  be  treated  by  dipping  the  basal  ends  into  talcum  powders  containing 
IBA  or  by  quickly  dipping  the  ends  into  solutions  of  IBA.   Commercial  powder  prepara- 
tions of  IBA,  such  as  Hormodin,1  at  various  concentrations  are  available.   Although 
powders  containing  0.1  percent  IBA  are  usually  recommended  for  succulent  cuttings,  I 
have  had  better  success  with  concentrations  of  0.3  to  0.8  percent.   Concentrations  as 
high  as  1.6  percent  do  not  inhibit  sucker  initiation  but  may  cause  a  reduction  in  root 
growth.   IBA  powders  should  be  stored  at  0°  to  5°C  in  tightly  sealed  containers.   Allow 
the  container  to  come  to  room  temperature  before  opening  it  to  avoid  condensation  of 
moisture . 

The  cuttings  should  not  be  dipped  into  the  entire  stock  of  IBA  powder  because  for- 
eign material  and  moisture  may  contaminate  the  hormone  and  cause  it  to  deteriorate. 
Instead,  place  a  small  sample  of  hormone  powder  on  wax  paper,  in  a  bottle  cap  or  a  jar 
cover.   After  treating  the  cuttings,  discard  any  powder  that  remains.   Procedures  for 
treating  sucker  cuttings  with  rooting  powders  and  planting  them  in  the  rooting  media 
are  as  follows: 

1 .  Remove  excessive  water  from  the  base  of  a  cutting  by  blotting  it  with  paper 
toweling. 

2.  Dip  and  rotate  base  of  cutting  in  powder  until  a  length  of  1  to  2  cm  (greater 
length  on  taller  cuttings)  is  covered.   Tap  the  cutting  lightly  to  remove  excess  powder. 

3.  Make  a  small  hole  in  rooting  medium  with  a  narrow  spatula,  ice  pick,  spoon 
handle,  or  similar  tool.   Insert  cutting  to  a  depth  of  1  to  5  cm  so  that  one-half  to 
one-third  of  the  stem  is  in  the  medium.   Be  careful  not  to  brush  off  the  powder.   Press 
in  side  of  hole  so  the  medium  holds  the  cutting  firmly. 

4.  Plant  cuttings  at  an  approximate  2-  by  2-cm  spacing. 


^ootone,  containing  napthaleneacetic  acid  (NAA) ,  IBA,  and  other  auxins,  may  also 
be  suitable. 


Quick-dip  solutions  for  treating  sucker  cuttings  are  prepared  by  dissolving  1BA 
crystals  (available  from  chemical  supply  houses)  in  SO  percent  alcohol  (ethanol  or 
i sopropanol) .   They  generally  give  more  uniform  results  than  IBA  powders.   Testing  the 
effects  of  solutions  containing  0,  1,000,  2,000,  4,000,  8,000,  and  16,000  p/m  IBA  on 
rooting,  I  found  that  the  percentage  of  suckers  rooting  and  number  of  roots  initiated 
increased  with  IBA  concentration.   IBA  did  not  stimulate  root  elongation.   At  16,000 
p/m  there  was  a  slight  inhibition.   Barry  and  Sachs  (1968)  found  that  concentrations 
of  IBA  higher  than  1,000  p/m  caused  deterioration  of  sucker  cuttings  from  California 
clones  and  less  vigorous  root  growth.   The  differences  in  our  results  may  be  due  to 
differences  in  methods  or  to  clonal  variation  in  response  to  IBA. 

A  small  volume  of  4,000  p/m  (0.4  percent)  quick-dip  solution  can  be  prepared  by 
dissolving  400  mg  of  IBA  in  100  ml  of  50  percent  alcohol.   Only  a  small  portion  of  this 
should  be  used  in  treating  cuttings.   Remove  excess  water  from  cutting  and  dip  basal  1 
to  2  cm  in  solution  for  about  5  seconds.   Plant  as  described  above.   The  IBA  solution 
should  be  tightly  sealed  and  stored  at  0°  to  5°C  when  not  in  use. 

As  in  the  propagation  of  suckers,  control  of  pathogens  is  important  for  successful 
rooting.   The  best  way  to  achieve  this  is  to  maintain  sanitary  conditions  in  the  rooting 
area  and  to  use  sterilized  tools  and  equipment.   Although  generally  T  have  found  it 
unnecessary,  cuttings  can  be  treated  with  systemic  fungicides,  such  as  benomyl .   Some 
commercial  rooting  powders  contain  fungicides  (for  example,  Rootone  F) . 

A  misting  bench  is  the  most  suitable  place  to  root  sucker  cuttings.   In  our  green- 
houses, we  use  a  misting  schedule  that  varies  from  1  minute  of  mist  every  5  minutes 
during  the  warmest  part  of  the  day  to  1  minute  every  20  minutes  during  the  night .   Tem- 
peratures should  probably  be  kept  between  20°  and  25°C,  although  night  temperatures  can 
be  slightly  lower. 

For  those  who  do  not  have  misting  facilities,  sucker  cuttings  can  be  rooted  under 
polyethylene  sheeting.   Rooting  chambers  can  be  built  by  constructing  a  wooden  frame 
and  covering  it  with  sheeting.   The  simplest  chamber  can  be  made  by  sealing  a  rooting 
tray  in  a  polyethylene  bag  (Benson  and  Schwalbach  1970) .   High  humidity  within  the  root- 
ing chamber  will  keep  the  succulent  cuttings  turgid.   The  chambers  should  be  kept  out 
of  direct  sunlight  so  that  temperatures  within  do  not  become  too  high.   A  major  disad- 
vantage of  rooting  chambers  is  the  lack  of  ventilation,  which  can  cause  problems  with 
pathogens. 

Sucker  cuttings  from  most  clones  produce  well-developed  root  systems  in  2  to  3  weeks 
(fig.  3).   Keeping  cuttings  under  mist  for  longer  periods  increases  the  danger  that 
necrotic  areas  will  form  and  leaves  will  abscise.   As  might  be  expected,  there  is  con- 
siderable clonal  variation  in  root  development.   This  is  caused  by  an  interaction  of 
natural  rooting  ability  (Schier  1974)  and  sensitivity  to  the  rooting  hormone. 

To  remove  sucker  cuttings  from  the  rooting  medium  so  that  loss  of  fragile  roots  is 
kept  to  a  minimum,  the  medium  should  be  saturated  with  water  and  the  cuttings  carefully 
lifted  with  a  small  spatula.   With  trays,  this  can  be  easily  accomplished  by  nesting 
the  rooting  tray  in  an  empty  tray  without  holes  and  adding  water  until  the  rooting  tray 
overflows.   The  rooted  cuttings  should  be  held  in  water  until  they  can  be  planted. 


Figure  3. — Rooted  sucker  cuttings  from  a  single  aspen  clone  showing  various  types  of 
adventitious  root  development.      Cuttings  were  treated  with  0.  2  percent  indolebutyric 
acid  in  powder  and  rooted  under  mist  for  3  weeks. 


CULTIVATING  ROOTED  CUTTINGS 


Rooted  cuttings  can  be  planted  in  pots  or  in  the  types  of  containers  widely  used 
in  producing  container-grown  coniferous  seedlings  for  reforestation.   I  have  grown 
aspen  cuttings  in  a  number  of  large  containers  and  have  been  satisfied  with  the  results 
(fig.  4).   One  of  their  major  advantages  is  that  a  number  of  plants  with  deep  root  sys- 
tems can  be  grown  in  a  small  area.   The  size  of  the  largest  tube  is  5.2  cm  in  diameter 
by  25  cm  in  length.   After  one  growing  season,  the  containers  are  filled  with  roots  and 
the  cuttings  can  be  outplanted  or  transferred  to  large  pots. 

A  good  potting  medium  is  a  1:1  vermiculite-peatmoss  mixture.   The  mixture  should 
be  moistened  to  the  point  where  a  few  drops  are  released  when  it  is  squeezed.   Mien  the 
rooted  cuttings  are  planted,  care  should  be  taken  to  make  sure  that  the  roots  are  well 
spread.   A  good  practice  in  planting  most  cuttings  is  to  form  the  medium  into  a  dome 
near  the  top  of  the  container,  spread  the  roots  around  it,  and  then  add  more  medium. 
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Figure  4. — Aspen  growing  in  tubes    (top  diameter,    5.2  cm;    length,    25   cm) — November  5, 
1976.     Rooted  cuttings  were  planted  July  19  to  23.      They  were  given  supplemental 
lighting  from  August  1   to  November  1. 


Shortly  after  the  cuttings  are  planted,  they  should  be  fertilized  with  a  complete 
commercial  fertilizer.   We  have  produced  vigorous,  healthy  plants  with  Scotts  20-4-8 
Shrub  and  Tree  Fertilizer  that  contains  all  the  essential  micronutrients .   One-fourth 
teaspoon  of  this  fertilizer  is  applied  to  the  tubes  (described  above  and  shown  in 
figure  4)  at  planting  time,  after  1  month,  and  in  the  fall. 

While  the  sucker  cuttings  are  becoming  established  and  still  soft  and  succulent, 
direct  sunlight  should  be  avoided.   Watering  should  be  done  with  care.   Too  much  water 
can  be  as  harmful  as  too  little  because  it  can  result  in  mortality  caused  by  damping- 
of f  fungi . 

To  obtain  maximum  growth  of  the  cuttings  ahead  of  dormancy,  it  is  often  necessary 
to  extend  day  lengths  with  artificial  lighting.   We  generally  put  on  the  lights  to  ex- 
tend the  day  length  to  16  hours  during  the  first  week  in  August  and  take  them  off  in 
early  November.   B.  V.  Barnes  (personal  communication)  has  successfully  extended  the 
growing  season  of  aspen  with  continuous  light.   Intermittent  light,  such  as  1  minute  of 
incandescent  light  every  15  minutes  through  the  night,  may  be  more  effective  for  main- 
taining growth  (personal  communication,  R.  W.  Tinus,  Rocky  Mountain  Forest  and  Range 
Experiment  Station) . 

In  November,  the  cuttings  are  moved  to  a  section  of  the  greenhouse  where  the 
temperatures  range  from  2°  to  10°C.   These  temperatures  satisfy  the  cold  requirements 
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of  Utah  aspen  as  indicated  by  a  normal  spring  bud  break.   In  plants  whose  cold  require- 
ments have  not  been  satisfied,  the  terminals  and  upper  laterals  remain  dormant  while 
the  lower  laterals  flush  out.   If  plants  are  moved  outdoors  for  overwintering,  they 
should  be  moved  in  late  September  so  that  they  will  have  adequate  time  to  harden-off. 
So  that  plants  do  not  flush  out  before  outplanting,  it  may  be  necessary  to  move  them  to 
a  cold  room  in  early  spring.   This  is  a  common  practice  when  trees  grown  at  low  eleva- 
tions are  to  be  outplanted  on  high  elevation  sites  where  lingering  snow  cover  prevents 
early  planting. 

Some  mortality  can  be  expected  after  rooted  cuttings  are  planted  in  containers. 
Also,  some  cuttings  make  little  shoot  or  root  growth  even  when  given  supplemental  light- 
ing.  Buds  form  during  rooting  and  a  cold  treatment  is  necessary  before  shoot  growth 
will  continue.   Early  bud  set  occurs  with  greater  frequency  in  some  clones  than  in  others. 
Cuttings  that  do  not  grow  much  the  first  growing  season  must  be  held  in  the  containers 
for  another  year  before  they  can  be  outplanted.   For  certain  purposes,  this  might  be 
considered  an  undesirable  characteristic;  so  such  clones  are  eliminated  from  future 
propagation  plans. 

Pest  problems  we  have  encountered  with  aspen  grown  in  containers  are  aphids,  red 
spider  mites,  and  powdery  mildew.   Aphids  can  be  controlled  with  Isotex.   Kelthane  is 
very  effective  against  mites.   Insect  pests  in  greenhouses  can  also  be  controlled  by 
fumigating  with  various  chemicals.   Powdery  mildew  can  be  stopped  from  spreading  if  all 
plants  are  immediately  sprayed  with  benomyl  when  the  mildew  is  first  detected.   Once  it 
becomes  established,  I  know  of  no  way  to  get  rid  of  it  before  autumn  leaf  fall. 


OUTLINE  — 
VEGETATIVE  PROPAGATION  PROCEDURES 

1.  Select  clones  with  desirable  phenotypic  characteristics. 

2.  Excavate  roots.   Be  sure  to  take  cuttings  from  a  large  number  of  lateral  roots, 

3.  Wash  soil  from  roots,  remove  all  secondary  roots,  and  cut  into  lengths 
suitable  for  planting. 

4.  Treat  root  segments  with  a  fungicide  and  then  seal  ends  with  paraffin. 

5.  Plant  segments  to  a  depth  of  1  to  2  cm  in  vermiculite  in  trays.   Moisten 
vermiculite. 

6.  Place  trays  in  a  greenhouse  where  the  diurnal  air  temperature  ranges  between 
25°  and  15°C  and  water  lightly  each  day. 

7.  After  6  weeks,  remove  suckers  2  cm  and  larger  from  root  segments. 

8.  Treat  basal  ends  of  sucker  cuttings  with  indolebutyric  acid  (IBA)  in  powder 
or  50  percent  alcohol. 
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9.   Insert  sucker  cuttings  in  moist  vermiculite:perlite   (1:1)  so  that  one-half 
to  one-third  of  the  stem  is  in  the  medium. 

10.  Place  sucker  cuttings  on  a  misting  bench  or  in  a  high-humidity,  polyethylene 

chamber . 

11.  \fter  2  to  5  weeks,  remove  rooted  cuttings  from  rooting  medium. 

12.  Plant  rooted  cuttings  in  containers  with  a  peat  moss : vermicul itc  (1:1) 
mixture  and  fertilize  with  a  complete  fertilizer. 

13.  Crow  aspen  in  an  environment  where  the  approximate  temperature  range  is  15° 
to  25°C.   Provide  supplemental  lighting  so  growth  will  be  prolonged  during  short  days, 

14.  During  the  winter,  satisfy  the  chilling  requirements  of  the  cuttings  by 
placing  them  outdoors  or  at  a  temperature  of  2°  to  10°C. 

15.  In  the  spring,  outplant  dormant  cuttings  or  transfer  them  to  large  pots. 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

This  publication  reports  research  involving 
pesticides.  It  does  not  contain  recommenda- 
tions for  their  use,  nor  does  it  imply  that 
the  uses  discussed  here  have  been  registered. 
All  uses  of  pesticides  must  be  registered  by 
appropriate  State  and/or  Federal  agencies 
before  they  can  be  recommended. 

CAUTION:  Pesticides  can  be  injurious  to 
humans,  domestic  animals,  desirable  plants,- 
and  fish  or  other  wildlife--if  they  are  not 
handled  or  applied  properly.  Use  all  pesti- 
cides selectively  and  carefully.   Follow 
recommended  practices  for  the  disposal  of 
surplus  pesticides  and  pesticide  containers. 
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RESEARCH  SUMMARY 

Increased  field  activities  in  fuel  inventory  have  emphasized  the  need 
for  methods  to  rapidly  interpret  data  collected  with  the  planar  intersect 
sampling  technique.    Fuel  load  calculations  by  size  class  are  being  used 
as  input  to  fire  and  fuel  management,  residue  utilization,  and  land  man- 
agement planning.    Rapid  conversion  of  the  data  to  numbers  usable  in  the 
field  can  be  accomplished  with  these  graphic  aids  that  complement  but 
do  not  replace  automatic  data  processing  capabilities. 

The  graphic  aids  allow  fuel  load  calculations  by  size  class  for  quick 
field  assessment.    They  allow  adjustments  for  variations  in  slope  and 
specific  gravity  of  the  woody  material.    Any  greater  degree  of  resolution 
should  be  accomplished  through  data  processing  facilities. 


PLANAR  INTERSECT  SAMPLING 


In  Handbook  for  Inventorying  Downed  Woody  Material   Brown  (1974)  tells  how  to 
determine  the  quantity  of  fallen  fuel  by  means  of  planar  intersect  sampling.  These 
procedures  have  been  used  in  fire  management  planning,  timber  stand  inventories,  and  in 
residue  utilization  studies.  When  large  areas  are  sampled,  large  amounts  of  data  result, 
which  makes  computer  processing  desirable  for  computing  fuel  loads.   Computer  processing 
of  data  is  available  through  the  Fort  Collins  Computer  Center  Univac  1100/40  or  the 
Lawrence-Berkeley  Laboratory's  CDC  7600  using  the  program  DFINV. 

Managers  lack  easy-to-use  computational  aids  for  quickly  determining  fuel  loads  in 
the  field;  therefore,  it  is  difficult  to  compare  the  appearance  of  a  stand  when  sampled 
with  the  determined  fuel  load.  Also,  for  small  amounts  of  data  it  is  faster  to  cal- 
culate loadings  by  hand.   In  1975,  as  fuel  inventory  activities  increased  in  the  West, 
graphic  aids  were  developed  in  response  to  field  requests  for  assistance.  This  paper 
provides  graphic  aids  to  facilitate  calculating  fuel  loads  from  planar  intersect  sampling. 

Information  for  calculating  loading  in  Brown's  (1974)  Handbook  for  Inventorying 
Downed  Woody  Material   has  been  consolidated  into  two  graphs.  These  graphs  use  fuel 
inventory  data  to  determine  the  fuel  load  in  tons  per  acre  for  each  size  class  of  fuel: 
<0.25  inch  (0.6  cm);  0.25  to  1.0  inch  (2.5  cm);  1.0  to  3.0  inches  (7.6  cm);  and  3+ 
inches  sound  and  dead.  As  a  result  of  favorable  field  response  to  use  of  the  graphs, 
forms  were  prepared  for  use  in  the  Intermountain  Region  (Region  4) . 

This  paper  presents  the  graphs  used  in  the  Intermountain  Region,  (fig.  1  and  2) 
with  the  addition  of  corrections  for  slope  and  fuel  density  (specific  gravity) .  Assump- 
tions, use  of  the  graphs,  specific  site  corrections,  and  mean  diameter  effects  are 
discussed  to  aid  the  user  in  improving  determinations  of  fuel  load. 
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Figure  1. — Dead-down  fuel  load  by  size  aloes  from  number  of  intercepts  and 

transect  length. 


DEAD  -  DOWN  FUEL  LOADING  FOR  FUELS  >  3  INCH  DIAMETER 
SOUND  AND  ROTTEN     -     FROM  FUEL  INVENTORY 
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Figure  2. — Dead-down  fuel  load  for  greater  than  S-inah-diameter  sound  and  rotten  wood3 

from  diameters  and  transect  length. 


HOW  THE  GRAPHS  ARE  USED 


To  demonstrate  the  use  of  the  graphs  in  figures  1  and  2,  the  field  tally  of  data 
presented  by  Brown  (1974)  is  used  (fig.  3).  With  the  data  form  (fig.  3)  and  preferably 
a  pocket  calculator  available  in  the  field,  one  can  determine  the  fuel  load  with  the 
graphs  as  follows: 

1.  Size  class  less  than  0.25  inch  (0.6  cm) .--From  the  data  sheet  (fig.  3),  we  can 
see  that  the  number  of  plots,  N,  is  2;  the  number  of  intersects  (n)  is  24  +  8  =  32;  and 
the  transect  or  sampling  plane  length  («,)  is  6  ft  (1.8  m) .  The  result  of  n/N£,  32/(2*6; 
is  2.67.  The  fuel  load  is  found  from  figure  1  by  entering  2.67  on  the  X-axis,  going 
vertically  to  the  line  for  the  <0. 25-inch  size  class,  turning  90°  to  the  left  to  the 
Y-axis  where  a  value  of  about  0.28  ton  per  acre  (0.63  ton  (metric)  per  hectare)  is  read 
Enter  and  read  the  values  carefully  because  of  the  logarithmic  scales. 

2.  Size  class  0.25  to  1.0  inch  (2. 5  am).—  N  =  2,   n  =  9  +  2  =  11,  and  I   =  6  ft 
(1.8  m)  .   The  result,  n/NJl,  is  11/(2x6)  or  0.92.   Proceeding  as  before  but  using  the 
line  for  the  0.25-  to  1.0-inch  size  class,  the  fuel  load  is  about  1,68  tons  per  acre 
(3.8  t/ha)  without  any  slope  correction. 

3.  Size  class  1.0  to  3.0  inches   (7.6  cm) . --N  =  2,  n  =  3,  I   =  10  ft  (3.1  m) .  The 
result  is  3/(2><10)  or  0.15  and  the  load  is  found  to  be  near  2.18  tons  per  acre  (4.9  t/h; 

4.  Size  class  sound  Z+  inches. --Above  3-inch  diameter,  the  intercepts  are  tallied 
by  the  diameter  of  each  piece  and  the  squared  diameters  (d2)  are  summed  (E)  as  follows: 

Id2  =  (10)2  +  (3)2  +  (8)2  +  (12)2  =  100  +  9  +  64  +  144  =  317. 

The  result,  £d2/M,  is  317/(2x35)  or  4.53  and  the  fuel  load  is  found  on  figure  2  to  be 
near  21.1  tons  per  acre  (47.3  t/ha). 

5.  Size  class  rotten  Z+  inches. --The  result,  Id2/N£,  is  769/(2x35)  or  10.99  and 
the  fuel  load  is  near  38.3  tons  per  acre  (85.9  t/ha). 

The  estimated  total  fuel  load  is  the  sum  of  all  size  classes: 

0.28  +  1.68  +  2.18  +  21.1  +  38.3  =  63.5  tons  per  acre  (142  t/ha). 
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Figure  3. — Sample  of  a  field  tally  sheet  with  typical  computations   (after  Brown  1974), 


When  using  the  graphs  to  estimate  fuel  load  in  size  classes  under  3  inches  you 
must  consider  the  number  of  interceptions   for  that  size  class.  Categories  above 
3  inches  must  consider  the  sum  of  the  squared  diameters   for  the  pieces  intercepted. 
Do  not  try  to  estimate  the  greater  than  3-inch  fuel  loads  using  figure  1  or  less  than 
3-inch  fuel  loads  from  figure  2.   Serious  errors  in  the  estimates  will  result.  Another 
common  source  of  error  is  to  carry  the  same  sampling  plane  length  over  from  one  size 
class  to  another.  Always  note  the  transect  distance  used.  Another  source  of  error 
is  incorrect  entry  on  the  logarithmic  scale;  always  note  the  correct  value. 


Table  l.-Sum  of  squared  diameters  for  a  given  diameter  and  interceptions  up  to  10 
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It  is  recommended  that  a  field  form  similar  to  figure  3  be  used  to  collect  data 
for  each  stand  inventoried.  To  effectively  use  the  graphs,  you  must  have  the  number 
of  intercepts  (n)  in  each  size  class;  the  sum  of  the  diameters  squared  (Ed2)  of  pieces 
larger  than  3-inch  diameter;  the  number  of  plots  (N)  taken  in  the  stand;  and  the  length 
(£)  of  the  sampling  plane  used  for  each  size  class. 


In  many  inventories,  several  intercepts  can  be  made  of  material  of  the  same 
diameter.  To  simplify  the  arithmetic,  table  1  was  generated  to  present  the  Id2  for 
diameters  from  3  to  90  inches  (7.6  to  229  cm)  and  interceptions  from  1  to  10  pieces. 
The  user  simply  has  to  add  together  the  values  for  each  diameter  intercepted.   For 
example,  assume  the  following  sound  3+  inch  field  data: 


Diameter 


Interceptions  Id2   (from  table  1) 


3 

7 

10 


54 

98 

400 


Total 


552 


With  the  previous  number  of  plots  (N)  of  2  and  a  transect  length  (£)  of  35  feet  (10.7  m) , 
the  result  of  £d2/M  is  552/(2x35)  or  7.88.  The  fuel  load  of  sound  3+  inches  would  be 
37.5  tons  per  acre  (84.1  t/ha),  from  figure  2.  Table  1  can  be  used  to  determine  the 
sum  of  d2  for  either  sound  or  rotten  material.  The  lines  for  10,  50,  150,  and  300  tons 
per  acre  (22.4,  112,  336,  and  673  t/ha)  were  determined  for  a  single  plot  in  a  50-ft 
(15.2-m)  transect  length.  These  lines  mark  off  what  is  generally  considered  light, 
medium,  and  heavy  loadings  and  may  help  the  user  to  more  quickly  identify  fuel  loadings 
in  the  field. 


HOW  FUEL  LOADING  DETERMINATIONS 
CAN  BE  IMPROVED 


Accuracy  of  graphic  aids  can  be  improved  by  refining  the  data  in  the  calculations. 
The  intent  of  the  graphic  aids,  however,  is  to  provide  an  easy  and  rapid  way  to  deter- 
mine fuel  loads  in  the  field.  The  data  could  be  readily  improved  by  correcting  for 
slope  and  the  specific  gravity  of  the  size  classes.   Improvements  are  also  possible  by 
adjusting  the  mean  diameter  of  the  size  classes  or  allowing  for  differences  in  the 
nonhorizontal  correction  factor.  However,  these  latter  improvements  would  be  best 
handled  in  the  computer  for  analysis  that  requires  the  detail. 

Slope 

When  fuels  are  sampled  on  a  slope  and  the  data  are  to  be  considered  on  a  horizon- 
tal projection,  a  slope  correction  factor  should  be  applied.   It  is  desirable  that  the 
slope  along  the  transect  plane  be  noted  and  used  for  the  correction.   If  slope  was  not 
recorded  but  the  general  slope  of  the  site  is  available,  a  value  equal  to  one-half  the 
general  slope  should  be  used.  This  is  because  the  sampling  plane  has  equal  opportunity 
to  be  on  any  slope  between  zero  and  the  general  slope.  Once  a  slope  has  been  selected, 
the  correction  factor,  c,  can  be  determined  from  figure  4  up  to  110  percent  slope.  The 
slope  correction  factor  is  multiplied  times  the  total  fuel  load,  or  specific  size  class 
fuel  loads,  as  desired.   If  a  total  estimate  of  the  fuel  load  is  desired,  the  simplest 
approach  is  the  single  calculation  using  total  fuel  load. 

On  rare  occasions,  the  transects  may  be  located  on  slopes  greater  than  110  percent. 
To  determine  the  correction  factor  in  those  cases,  the  equation  for  the  correction 
factor  can  be  used: 


c^/n-  [PercentoSloPe-[2  (i) 

For  the  data  presented  in  figure  4,  the  total  fuel  load  was  63.5  tons  per  acre 
(142  t/ha)  with  no  slope  correction.   If  the  assigned  slope  were  80  percent,  the  total 
fuel  load  would  be  multiplied  by  the  correction  factor  of  1.28  (from  fig.  4),  63.5  x 
1.28  =  81.3  tons  per  acre  (182  t/ha)  on  the  flat.  For  slopes  less  than  30  percent,  load 
determinations  are  low  oy  less  than  5  percent,  if  no  correction  is  made. 
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Figure  4. — Correction  fac- 
tor to  be  multiplied  by 
fuel   load  to  account  for 
slope. 
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Specific  Gravity 

Estimates  of  fuel  loads  can  also  be  improved  by  assigning  specific  gravities  to 
each  size  class.   If  one  knows  the  specific  gravity  of  the  timber  type  in  which  the  in- 
ventory is  being  made,  correction  for  specific  gravity  can  be  made  using  figure  5.   For 
the  less  than  1.0-in  (2.5-cm)  diameter  classes,  a  reference  specific  gravity  of  0.48  is 
used  (fig.  5).  For  the  size  classes  greater  than  1.0,  the  reference  specific  gravity 
is  0.40.  This  is  presented  by  the  upper  line  in  figure  5. 

Correction  for  each  size  class  can  be  made  from  figure  5.  The  fuel  load  determine 
from  figures  1  and  2  is  multiplied  by  the  correction  factor.   For  example,  if  the  spe- 
cific gravity  for  all  sound  wood  size  classes  is  0.6  for  the  example  on  page  4,  item  5, 
the  correction  factor  for  less  than  3-inch  material  is  1.25  and  1.50  for  the  3-inch  plu 
material: 


<0. 25-inch  size  class: 


w  =   0.28  x  1.25  =  0.35 


0.25-  to  1.0-inch  size  class:  w  =  1.68  *  1.25  =  2.10 


3.  1.0-  to  3-inch  size  class: 

4.  3+-inch  sound  size  class: 

5.  3+-inch  rotten  size  class: 


w  =  2.18  x  1.50  =  3.27 
w  =  21.1  x  1.50  =  31.65 
w  =  38.3   x  1.00  =  38.3 


75.9  tons/acre  (170  t/ha) 


The  previous  no-slope  total  load  was  63.5  (142  t/ha),  so  the  change  in  specific  gravity 
increased  the  original  load  determination  by  19  percent. 

Wood  Handbook  No.  72  rev.  (U.S.  Forest  Products  Laboratory  1974)  gives  the  specif i 
gravity  for  the  various  woods  of  the  United  States  at  12  percent  moisture  content.   For 
softwoods,  the  range  in  specific  gravity  is  from  0.31  to  0.59  with  an  average  of  about 
0.43.  This  agrees  closely  with  the  reference  specific  gravities  used  to  estimate  fuel 
loads.   For  hardwoods,  the  range  is  from  0.34  to  0.88  with  an  average  of  about  0.57. 

A  table  of  specific  gravities  was  developed  from  analysis  of  the  37  major  forest 
types  described  in  the  U.S.  Department  of  Agriculture,  Forest  Service  Handbook  No.  445 
on  Silvicultural  Systems  (1973).  The  specific  gravities  of  the  greater  than  3-inch 


Figure  5. — Graphic  deter- 
mination of  correction 
factor  to  adjust  fuel 
loads  for  variations  in 
specific  gravity. 
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material  was  taken  from  the  Wood  Handbook  (U.S.  Forest  Products  Laboratory  1974)  and 
an  average  specific  gravity  calculated  using  the  major  timber  types  listed  for  each 
forest  type.  Two  major  groups  were  apparent:  (1)  forest  types  of  the  Rocky  Mountains 
and  westward;  and  (2)  forest  types  east  of  the  Rockies.  This  second  group  can  be 
divided  into  two  subgroups:  (2a)  Northern  and  northeastern  forest  types;  and  (2b)  south- 
ern and  southeastern  forest  types.  The  average  specific  gravities  determined  for  the 
size  classes  by  group  are  shown  in  table  2. 

Rather  than  do  extensive  adjustment  in  the  field,  it  is  recommended  that  specific 
changes  be  made  for  computer  processing.  For  field  use,  the  adjustments  should  be 
minimized  so  estimates  can  be  made  quickly  and  provide  reasonable  answers.  Use  of 
figures  1  and  2  without  correction  for  specific  gravity  may  introduce  a  20  percent 
error.  This  should  be  acceptable  for  field  uses  other  than  fuel  management,  in  which 
case  estimates  should  be  processed  by  computer  for  maximum  accuracy. 

Mean  Diameter  Per  Size  Class 

Adjustments  to  mean  diameter  of  the  size  classes  less  than  3  inches  should  be 
done  for  the  computer  processing  rather  than  field  use.   However,  if  one  uses  equations 
(2)  through  (6)  in  the  appendix  A  (page  12)  on  a  hand  calculator  and  wants  to  change  the 
mean  diameter,  he  would  have  to  go  back  to  equation  (1).  The  new  diameter  per  size 
class  would  be  used  to  establish  new  coefficients  for  the  species  of  interest  (Brown 
1974;  Brown  and  Roussopoulos  1974)  in  equations  (2),  (3),  and  (4).   This  seems  to  be 
imposing  more  precision  than  the  estimate  merits,  but  is  possible  if  the  user  desires. 


SUMMARY 


This  publication  is  intended  to  adapt  for  field  use  procedures  described  in 
Handbook  For  Inventorying  Downed  Woody  Materials   (Brown  1974) .  Accuracy  of  fuel  estimates 
can  be  improved  by  individual  measurements  and  use  of  specific  data  for  a  timber  type. 
Tearout  graphs  are  included  in  appendix  B.  The  tearouts  should  be  covered  with  plastic 
to  extend  their  useful  life. 


Table  2 . - -Specific  gravities  of  fuel  size  classes  by  geographic  sections  of 
continental  United  States 


Forest  group 


Size  classes  (inches) 


0.25  :  0.25-1.0  ;  1.0-3.0  :  3+  sound  :  3+  rotten 


Rocky  Mountains  westward   0.48 

East  of  Rocky  Mountains- 
Northern  and  North- 
east types  .60 

Southern  and  Southeast 

types  .70 


0.48      0.40      0.40 


,60 


70 


.50 


.58 


50 


58 


0.30 


30 


30 
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APPENDIX  A 


How  the  Graphs  Were  Developed 

The  planar  intersect  method  for  estimating  the  quantity  of  fuel  by  size  class  is 
described  elsewhere  (Van  Wagner  1968;  Brown  1971;  Brown  and  Roussopoulos  1974)  and  will 
not  be  discussed  here.   It  is  assumed  the  data-taking  procedures  are  understood  and  it 
is  desired  to  convert  that  data  to  estimates  of  fuel  quantity.  Other  methods  of  estima- 
ting slash  fuel  loadings  have  been  investigated  or  developed  (Morris  1970;  Muraro 
1970;  Roussopoulos  and  Johnson  1973;  Beaufait  and  others  1974).   Brown  (1974)  noted  that 
some  of  these  methods  may  be  more  efficient  to  use  in  particular  cases  and  should  be 
used  where  applicable.  However,  use  of  the  simple  field  procedures  given  in  Brown's 
Handbook  and  use  of  these  graphic  aids  can  provide  a  quick,  objective  field  assessment 
of  fuel  quantity.  The  information  in  figures  1  and  2  was  developed  from  an  equation 
presented  by  Brown  and  Roussopoulos  (1974),  equation  (2). 

The  basic  equation  used  for  the  graphs  of  fuel  loads  is: 

w  =  (11.64)  (ttj— J  s  •  <*  •  c,  tons/acre  (1) 

where 

(11.64)  =  conversion  of  volume  to  tons  per  acre 

Ed2  =  sum  of  squared  diameters  for  interceptions  of  pieces  greater  than  3- inch 
diameter,  in2 
or  =  nd2  for  interceptions  of  pieces  less  than  3- inch  diameter,  in2 
n  =  number  of  interceptions 
d  =  diameter  of  piece  intercepted  or  the  quadratic  mean  diameter  of  the  size 

class  less  than  3-inch  diameter,  inches 
N  =  number  of  plots  taken 

I   =  length  of  the  sampling  plane  in  each  plot,  ft 
s  =  specific  gravity  of  fuels 

«*  =  correction  factor  for  nonhorizontal  angle  of  fuel  elements 
c  =  correction  factor  for  slope. 

Assumptions  were  made  for  each  size  class  and  specific  equations  established  for  estima- 
ting fuel  load. 

1.  For  the  size  classes  less  than  3-inch  diameter,  the  composite  mean  quadratic 
diameters  determined  by  Brown  (1974)  were  used: 

<0.25  inch,  d  =  0.123  inch  (0.312  cm),  d2  =  0.0151  in2 
0.25  -  1.0  inch,  d  =  0.538  inch  (1.37  cm),  d2  =  0.289  in2 
1.0  -  3.0  inches,  d  =1.661  inches  (4.22  cm),  d2  =  2.76  in2. 

These  are  assumed  typical  for  all  western  conifers. 
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2.  The  specific  gravities  used  were  established  by  Brown  (1974)  for  western 
conifers: 

<0.25  inch,  s  =  0.48 
0.25  -  1.0  inch,  s  =  0.48 
1.0  -  3.0  inches,  s  =  0.40 
Sound  3+  inches,  s  =  0.40 
Rotten  3+  inches,  s  =  0.30. 

3.  Correction  factors  for  the  nonhorizontal  angles  of  fuel  particles  were  based 
upon  the  work  of  Brown  (1974)  and  Brown  and  Roussopoulos  (1974) .   Slash  was  found  to 
have  slightly  higher  factors  than  naturally  fallen  material.   Ponderosa  pine  slash  had 
the  highest  correction  factors  but  for  general  use  the  following  factors  were  used: 

<3.0  inches,  «  =  1.13 
3+  inches,  =  =  1.0. 

The  fuel  particles  greater  than  3  inches  in  diameter  are  mostly  bole  material  and  large 
branchwood  that,  due  to  gravity,  will  tend  to  become  positioned  parallel  to  the  ground. 

4.  No  correction  for  slope  was  included,  assuming  that  the  sampling  plane  was  on 
a  nearly  level  surface.  The  correction  factor  then  is  1.0.  The  error  in  load  is  less 
than  +4  percent  when  the  slope  is  30  percent  or  less. 

The  equations  used  to  develop  the  graphs  expand  from  equation  (1)  to  the  following 

<0.25  inch 

w  =  0.09533  n/(NZ)  tons/acre  (2) 

0.25  to  1.0  inch 

w  =  1.825  n/(N£)  tons/acre  (3) 

1.0  to  3.0  inches 

w  =  14.52  n/(NJl)  tons/acre  (4) 

Sound  3+  inches 

w  =  4.656  Ed2/(N£)  tons/acre  (5) 

Rotten  3+  inches 

w  =  3.492  Id2/(N£)  tons/acre  (6) 
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APPENDIX  B 

Tearouts  for  Computing  Fuel  Load,  Corrections  for  Slope  and  Specific  Gravity 
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Provides  graphic  aids  to  facilitate  calculation  of  fuel  loads  from 
planar  intersect  sampling  desired  in  "Handbook  for  Inventorying  Downed 
Woody  Material"  (Brown  1974).  Includes  graphs  for  increasing  accuracy 
by  correcting  slope  and  specific  gravity. 
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